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CHANGES OË SESSE EN 
SOUTH AFRICA. 


I| INTRODUEG DIGN 


During December of 1921 | had the honour of meeting 
Professor R. A. Daly, of Harvard University, during his visit 
to South Africa as leader of the Shaler Memorial Expedition. 
Among the wide range of problems attacked by him there is the 
hypothesis of a negative eustatic shift of sea-level to the extent of 
20 feet in Recent time.(D)" Now, if such a world-wide shift 
had taken place at all, records of the former higher sea-level 
should be a feature of all stable coasts. Daly accordingly com- 
piled a mass of evidence from widely separated coasts, both 
Continental and insular. As the small and scattered amount of 
printed evidence on raised beaches from our coast was evidently 
inaccessible to him, | notified him in an interview of the existence 
of a few emerged sea caves on the shores of False Bay. At his 
reguest 1 set out to explore those shores for further evidence and 
to measure the amount of emergence. On the completion of this 
undertaking in which | was supported by Messrs. Low and Van 
der Byl, I decided, at the suggestion of Dr. Shand, Professor 
of Geology at the University of Stellenbosch, to extend the scope 
of the research to the whole coast of the Union. With this 
ambitious object in view | succeeded during December and 
January, 1922-1923, in covering on foot the south coast from False 
Bay to East London accompanied all the way by Mr. O. Rode, 
B.A., B.Educ., and as far as Mossel Bay by Mr. J. van der Byl, 
M.Sc. During the following summer vacation | studied the 
Cape Peninsular coast and the west coast as far North as Yster- 
fontein Point in two short trips, being accompanied on the former 
br Mr. W. Bak, Base. In addition was able to traverse the 
coast from Saldanha Bay northward to Port Nolloth, accompanied 
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again by Mr. 1. Low, M.Sc. During the July vacation of 1924, 
I hastily covered the greater part of the east coast from the Tugela 
mouth southward to Mazeppa Bay near the Kei River Mouth. 
This time I travelled on horseback from Port Shepstone south- 
ward. 'The horses stood the strain of the hilly coast admirably; 
their owner, Mr. Reynders, of Ugie, accompanied me all the 
way, while his nephew, Pretorius, came down as far as Port DE 
Johns. In the summer vacation, 1924-25, | revisited several 
localities along the south coast and travelled this time by bicycle. 
Accompanied by Mr. G. K. Joubert, B.Sc. 1 touched at a 
number of points from Cape Infanta to the Zwartkops River at 
Port Elizabeth. In addition I revisted Saldanha Bay and 'Fhorn 
Bay (Doornbaai) along the west roast and subseguently a few 
points on the Caledon-Bredasdorp coast. (@uite recently 1 joined 
Mr. D. Scholtz, M.Sc., on a motor trip through the coastal 


districts from (Cape Town to Durban. 
It will be evident that owing to the great distances that had 


to be traversed—along the Namagualand coast, for instance, 
forced marches of 23 miles per day over rock and loose sand to 
reach the next ''water”' were common—it was seldom possible 
to do more than simply to note down certain features in passing 
and too often | had to rely on aneroid readings, where very small 
clevations were concerned. Several comparatively short stretches 
of the coast had unfortunately to be cut out on account of their 
inaccessible nature, for example, along the George and Tsitsi- 
kama coast | could visit only a few isolated localities so as to 
note the chief characteristics of that precipitous coast. 'The same 
applies to the broken hilly coast round about Port St. Johns, 
where impassable river estuaries often necessitated wide detours. 
In the case of the Natal “South Coast” I had to content myself, 
owing to pressure of time, with what 1 could observe, coming 
and going, from the railway skirting the coast, and on a later 
occasion, from the main road a few miles inland. 


At this stage | wish to express my sincere thanks to all the 
above-named gentlemen, without whose company 1 should not 
have had the moral courage to accomplish what T did. My thanks 
are further due to Professors Daly and Shand for suggesting 
the line of research and to Drs. Rogers and Du Toit for letters 
of information, and especially to Dr. Haughton for classifying 
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my shells from various raised beaches. For the major part of 
the work, 1 have been materially assisted by two grants-in-aid 
from the Research Grant Board to the combined value of #£,55, 
and 1 again take this opportunity of tendering the Board my 
grateful appreciation and thanks. 

Information on various stretches of the coast occurs scattered 
in the Reports of the (Geological Commission of the Cape of 
Good Hope and in the 'Transactions of the Geological Society of 
South Africa. As early as 1906 Prof. Schwarz published a paper 
on the Coast Ledges in the South West of the Cape Colony. (2) 
This was followed in 1912 by a paper on Post Jurassic Earth 
Movements in South Africa.(3) In 1922 Dr. A. L. du Toit pub- 
lished a paper on The Evolution of the South African (Coast- 
line.(4) 'The latest contribution is by Dr. Haughton on The 
Tertiary Deposits of the South Eastern Districts of Cape Pro- 
vince(5), with a discussion by Prof. Schwarz, 


 PHYSIOGRAPHICGAL EHARAGTERISLIGS OF 
THE SOU AFERIEAN COAST. 


Taken as a wole the South African coast is remarkably bold, 
both in relief and outline. As a rule a general elevation of 400 
to 6oo feet occurs within three or four miles from the shore and 
over long stretches of coast this rise is precipitous. In the South 
western corner mountains rise abruptly to heights of 2,000 to 
4,000 Yfeet, but here low areas intervene. ln spite of this: 
characteristic some kind of foreshore, or better backshore, 
is usually to be found and the extent of sandy beaches is remark- 
able. On a very rough estimate they make up nearly 1,000 miles 
out of a total of 1,800 miles between Port Nolloth and the Tugela 
River Mouth. 

With regard to outline, a threefold division suggests itself. 
Both east and west coasts are remarkably straight, whereas the 
south coast shows more variety in the form of bays and capes. 
The exceptional straightness of the Natal-Pondoland coast is 
attributed by Suess and Schwarz to a major fault forming an 
an extension of the Great African Rift Valley Systemi(3). Du Toit 
by mapping in Pondoland has confirmed Penck's view that the 
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coastline is determined by an extensive monocline displaced land- 
ward by the transverse Egosa Fault near Port St. Johns. In 
“The Geology of Pondoland”' Du Toit clearly states the evidence 
in favour of the monoclinal nature of the coast.(6) ` Significantly 
he shows that the folding reached its maximum before Éarly 
Cretaceous time although continued into the Middle Cretaceous.” 
"That the coastline is to-day still determined by this monocline 
may be explained by the magnitude of the flexure as well as by 
the fact that the scene of marine erosion has been repeatedly 
shifted to different levels. The straightness of the west coast is 
similarly remarkable. Near the Olifants River, Table Moun- 
tain Sandstone (T.M.S.) is seen to dip to the east and for the 
rest folded Malmesbury beds and gneiss line the coast, so that 
evidence of a monoclinal structure is not likely to be forthcoming. 
Significantly, however, the direction of the coastline coincides 
with the major structural lines exemplified successively by the 
strike of the Nama and Cape Systems and to a certain extent by 
the foliation of the gneiss. In the northern parts between the 
Buffels and Orange Rivers the strike of the folded Nama is due 
north, whereas the coastline tends to swing out further to the 
north-east so as again to skirt the strip of Folded Nama north 
of the Orange. 

The third section of the coast between St. Helena and Algoa 
Bavs is more indented. With the exception, perhaps, of `St. 
Helena Bay, whose valley may be of a purely erosional nature, 
the inlets as a rule occupy structural valleys. In spite of the 
antiguity of the folding, these are mostly synclines of soft Bok- 
Ikeveld often partly fitled in by Cretaceous and 'Tertiary beds. 
False Bay and perhaps Table Bay may be considered anticlinal 
valleys, where prolonged erosion has laid bare the Malmesbury 
beds. A11 the promontories responsible for the southern bays are 
determined by anticlinal or synclinal limbs of the resistant 
T.M.S. 'This part of the coast may therefore be classified as a 
type of Ria coastline. 


Perhaps it would be well to summarise briefly the main char- 
acteristics of the coast—say from west to east. 'The Namagua- 
land coast is physiographically as well as psychologically rather 
monotonous, there being not much variety between Port Nolloth 
and the Van Rhynsdorp coast near the Olifants River mouth. 
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With a few exceptions the Namagualand gneiss forms almost 
the entire coast. In the northern parts an emerged wave-cut 
terrace forms duite a prominent feature and in the southern parts 
a& miniature terrace is often in evidence. (Occasionally a narrow 
irregular shelf has been cut between tide levels, but a well-marked 
notch or dlif is rarely found, and the southern half of the coast 
characteristically: shows a low convexity of slope rising to an 
altitude of some 400 feet within two or three miles (7 and 8). The 
shore often consists of bare rock as far as the stormwaves can 
reach. ln parts where the rocky shore is of a broken character 
sand accumulates at the head of the tiny inlets; for the rest long 
sandy beaches are common. Between Port Nolloth and the 
Buffels River mouth there is a broad dune belt; but further south 
dunes become less and less prominent and form narrow belts— 
often only a solitary ridge—behind the beaches. Many of the 
water holes are confined to the patches of sand and occur as a 
rule behind the first of a series of dunes. (Ouite a dense vegeta- 
tion of succulent plants and woody scrub covers the Namagua- 
land coast. 'To a large extent the necessary moisture must be 
derived from the prevailing west coast fog. 

Round about the Olifants River mouth prolonged wave attack 
has produced a jagged coastline consisting to the north of Mal- 


mesbury phyllites, etc., overlain at a height of 60 to 7o feet by 


partly consolidated red sands rising abruptly to 250 feet in places. 
Between Strandfontein and Doornbaai, a few miles south of the 
Olifants River, T.M.S. is responsible for the grandest cliffs to 
be seen along the west coast as far as the Cape Peninsula. 'They 
are twice the height of the Hermanus cliffs and far more rugged 
and precipitous (9, 10 and 11). 'These cliffs form the escarpment 
of a conspicuous terrace extending southward to Donkins Bay. 
South of Doornbaai sandy beaches predominate and form about 
three-fourths of the shoreline between this locality and Capetown. 
Behind the beaches there are broad belts of dunes mostly 


bound by scrub, and merging into the Sandveld between the 


Olifants and the Berg Rivers. As far south as Baboon Point, 
T.M.S. occasionally forms a low rocky shore, being sometimes 
cut to a ledge between tide levels. Further back the rise to 400 
and 500 feet is rapid and behind the low terrace at Baboon Point 
(Cape Deseada) the Eiandsberg forms old sea-cliffis 400 feet high. 


6 


Along the southern shore of St. Helena Bay the Malmesbury 
beds have been cut to ledges between tide levels, but the hilly 
granite peninsulas of this and the Saldanha Bay area are bounded 
by a fairly constant low marine-cut terrace ending in a rough 
rocky or sandy shore (12). South of Saldanha Bay the long SE 
beaches are broken at Ysterfontein Point by cliffs of diorite, 
40 feet high, and again for a considerable distance round about 
Bok Bay by similar rugged cliffs of Malmesbury rocks. 


In the south western corner of the Cape Province the most - 
abrupt contrasts obtain. Mountains tower to heights of up to 
4,000 feet within a mile or two from the sea-board, and low flats 
intervene. Sometimes smaller or larger wave-cut terraces lie at 
the foot of the old sea-cliffs as at Green Point, between Slangkop 
and Cape of Good Hope, round about Cape Hangklip, Her- 
manus and from Danger Point to Agulhas. At other places the. 
T.M.S. produces magnificent cliffs, for example, round about 
Cape Point and along much of the eastern shore of False Bay. 
Where granite underlies ihe precipitous T.M.S. of the (Cape 
Peninsula, the cliffs are never duite vertical, but still oversteep- 
ened to such an extent that landslides inevitably follow road- 
Cutting. Along the central shores of False Bay the dune-covered 
Cape Flats end abruptly in cliffs up to 100 feet high of loose 
calcareous sandstone. Somewhat similar cliffs occur in Walker 
Bay and round about Ouoin Point and' rather older cliffs and 
higher round about Cape Agulhas. At Mudge Point cliffs of 
partly consolidated dunes resting on T.M.S. rise to a height of 
200 feet. 'These are apparently not marine cut cliffs. 'The larger 
terraces, which form such a prominent feature here, often end 
in a cliff up to 40 or s0 feet high, as at Hermanus, Kleinmond 
and Brandfontein. Surf-cut ledges between tide levels occur 
especially between Somerset Strand and Gordons Bay, round 
about Capes Hangklip and Agulhas which latter cape most 
probably derives its name from the long needle-like projecting 
ledges forming the southernmost points of Africa. For theirest, 
sandy beaches are common, especially off the larger bays, which 
in turn coincide with the areas of low ground occupying the 
structural valleys. Because of the powerful surf the crest of the 
Kleinmond beach, Sandown Bay, is nine feet above high water 
level, and this constitutes a record height, T think, for South 
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African beaches. 'The broad coastal strip south of the Hermanus- 
Bredasdorp ranges contains much sand and is known as the 
Strandveld. 'The sandy Riversdale coastal strip is called the 
Duineveld or simply Die Duine. 

But, to retarn, the south-western area is further characterised 
by the presence of the large lagoons.of the Bot and Klein Rivers. 
These are periodically closed by a sandbar. Smaller lagoons 
occur near Capetown and Muizenberg on the Cape Flats, which 
in addition bears vleis permanently cut off from the sea by broad 
dune belts. Large vleis of this nature occur east of Agulhas 
in the Bredasdorp District, the Sout Rivier Vlei being barred by 
a dune belt two miles broad. 

North-eastward from Agulhas two long sandy stretches are 
separated by the cliffs of dune rock at Struis Point. Nearer to 
Cape Infanta a line of cliffs 25 miles long has been cut in current- 
bedded sandy limestone and in 'T.M.S. round Infanta. At the 
foot of the limestone cliffs in these and various other localities 
further east there are to be seen ideal surf-cut ledges up to 60 
vards wide. 'These generally lie between tide levels, but often 
extend to two or three feet above high tide level. ln places the 
iedges are cut at a slant so as to simulate a low sandy beach. 
Behind the ledges a deep notch is cut in the cliffs, but caves are 


not common (Plate 1.A). However, the cave known as Waenhuis- 
krans, at Struis Point, measures 60 by 40 vards and has a roof 


krans, at Struis Point, measures 60 by 40 vards and has a roof 
height of 25 feet. Nearby a magnificent arch is also preserved. 
Similar ledges occur at various localities as far east as East 
London; they are ideal ovyster beds (Plate T.B). 

Round about Hoop Point or Ryspunt and Martha Point or 
Skipskop the shelves are much more extensive at about one foot 
above low tide level. 'These are cut sometimes in Witteberg 
beds, but more often in an overlving sandy limestone. A single 
layer of Witteberg pebbles has recently been cemented so as to 
form a conglomerate six to nine inches thick on the surface of 
the sandy limestone. (Cementation may have been effected during 
exposure at low tide, as explained by Schwarz, for ledges of dune 
rock near George (2 and 3). Similar stone reefs occur at various 
other localities. 'Those exposed in Fish Bav and below the 
Humewood Esplanade suggest cementation while buried under 
beach sands. 'Thev are still buried in part. 
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Branner has described stone reefs of a slightly different char- 
acter, namely lithified off-shore bars or bay bars. These occur 
over a distance of 1,250 miles along the coast of Brazil. He comes 
to the conclusion that they owe their origin to percolating waters 
from the impounded marshes. 'The water contains much car- 
bonic acid derived from decaving vegetation, hence dissolves 
the lime of shells in the sands and deposits it in the bar, causing 
its cementation on coming in contact with the dense sea water. 
(14 pp. 308-309 and 26.) 

At Port Beaufort the extensive Ruggens Plateau, some 1,200 
feet high at its inner edge, ends in a sea cliff over 100 feet high. 
When provision is made at intervals for a narrow ''foreshore,” 
rocky or sandy, the coast eastward progressively stands out in 
bolder relief. (Cliffs of Bredasdorp limestone, which overlie the 
lower seaward half of the Ruggens Plateau as far as the Gouritz, 
play a prominent rêle and are seen to advantage east of Stilbaai, 
where a line of fallen blocks points to active wave erosion. 
Retrogression of the coastline is even here compartively slow as 
the partly consolidated rock rapidly hardens on exposure. Flesh 
Point is a bold promontory of T.M.S. and at Cape St. Blaize 
cliffs of T.M.S. capped by Cretaceous beds rise to an average 
height of 250 feet. 'The cliffs, which recede inland behind the 
shores of Mossel Bay, now rapidly increase in height, because 
of their closer approach to the inner edge of the Ruggens-Up- 
lands Plateau. But the coastline also cuts in until at Glentana. 
and thenee to Kaaimans River the cliffs of gneiss s00 to 600 feet 
high suffer active wave erosion, whereby innumerable caves have 
been produced at the former locality. 

Between Kaaimans River and Knysna the old cliffs recede 
inland once more, being cut off from the sea by a barrier of 
partly consolidated dune sands, which attain a height of 912 feet 
at Belvedere (13 p. 79). 'This barrier encloses the several lakes 
between the Wilderness and the (Goukama River. East of 
Knysna the old cliffs swing round in a semicircle so as to link 
up with the famous Heads, whence eastward to Cape Seal the 
T.M.S. forms a sheer precipice. Again there follows in Pletten- 
berg Bay a short spell of sandy shore and flats heralding in the 
wonderful line of 'Tsitsikama cliffs, which continue unbroken for 
over 60 miles as far as the Huisklip beach near 'Tsitsikama River 
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mouth. For a distance of 20 miles between the Groot and Storms 
Rivers there is a narrow step or terrace halfway up the cliffs. 
This is cut in T.M.S. and Bokkeveld alike (13 p. 65). 


astward from 'Tsitsikama River the coastal cliffs decrease in 
height owing to the fact that a broader belt of the seaward sloping 
plateau is once more preserved as at Port Beaufort in the west. 
A ccordingly at Jeffreys Bay and along the north-western shores 
of Algoa Bay the plateau edge is not much over 100 feet high. 
A narrow low-lving belt henceforih becomes #he rule—like all 
others, proved by exceptions—and sandy beaches once more 
become conspicuous, attaining a maximum for the South African 
coast in the unbroken so-mile beach of Algoa Bay, and continu- 
ing with minor breaks to. the mouth of the Bashee River. On 
the whole the dune belt is narrow and even absent, but broader 
zZones of lofty dunes occur along the northern shores of St. 
Francis and Algoa Bays and across the projecting promontories. 

Beyond the Sundays River mouth the coastal belt becomes 
progressively more hilly for a distance of 300 miles as far as the 
Waterfall Bluff near Port St. Johns. 'The broken hilly character 
owes its origin to erosion by the innumerable young or early 
mature rivers cutting through the high coastal belt. North and 
south of Port St. Johns the hills rise abruptly to heights of 606 
and Soo feet, and deep ravines of rivers large and small occur 
regularly every mile or two, so that to travel, say, 20 miles 
parallel to the coast well-nigh amounts (0 a climb of some 10,000 
feet with a corresponding descent. ln this region beaches are 
confined to river estuaries and rugged cliffs prevail. 'The Water- 
fall Bluff is a sheer fault scarp cutting off the terraced T.M.S. 
strip, which extends northward' into Southern Natal. 'The ter- 
races described by Du 'Toit (6), will be referred to later. Du Toit 
has also pointed out that a narrow strip of sand makes its appear- 
ance at the Umtentu River to extend almost unbroken through 
the entire length of the Natal coast and beyond. Along the 
whole Natal coast one typically finds a narrow ridge of forest- 
covered dunes separated from the hilly background by a narrow 
little terrace. Round about Durban this flat becomes a wide 
feature owing to the seaward extension of the Bluff. 

Taken as a whole the South African coast shows signs of both 
submergence and emergence. Leaving out of account the major 
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emergence phenomena, the present is typically a young to 
mature (14) coastline of submergence appreciably modified by later 
emergence phenomena. A further reason tor the straightness 
of much of the coast remarked on above lies in the comparatively 
short duration of the emergence which preceded the submergence 
in guestion. 'This emergence was, in addition, so considerable 
that the rivers did not bave sufficient opportunity for lateral plana- 
tion, and for this reason their drowned character is not evident 
from the map; but more later. 


(IT  COASTEINEIHIS OR (N 


A. Contmental Evidence. 


It may now be profitable'to summarise the existing views on 
the later history of the coastline, adding.a few suggestions. A 
phenomenon, which certainly deserves attention, is the apparent 
uniformity of movement both of emergence and submergence 
in South Africa since Middle 'Tertiary Time. Afttention has 
hence repeatedly been drawn to the presence in South Africa of 
a Succession of plateaux, including submarine shelves, dissected 
to varying degrees. Professor Schwarz (3) recognises a peneplane 
of Middle Tertiary Age at a height of 4,000 feet inside the coast 
ranges and along the southern escarpment of the Amatolas. He 
further refers to a widespread peneplane at 2,500 feet, called 
in his paper on Coastal Terraces the Kentani Plateau (2). Another 
rise of 1,000 enabled a coastsshelf to be cut at 1,800 feet, when 
the deposition of the Alexandria Beds began. From now onward 
he states that there is a succession of ledges—a klimakotopedion 
— Cut at intervals of s0-100 feet down to the go-fathom isobath 
on the outer edge of the Agulhas Bank. Below this the sub- 
merged gorges of the Gouritz and Gamtoos Rivers point to tem- 
porary emergence to the present 400-fathom isobath. 

Further east in Pondoland, Du Toit (6) points to a triple succes- 
sion consisting of the Inland Plateau round the foot of the 
Drakensbergen at an elevation of about s,000 feet, the Coastal 
Plateau, 25 to 35 miles wide and falling from nearly 4,000 feet, 
at the foot of the Inland Plateau down to about 2,000 feet, 
when it is followed by the series of terraces forming the Coastal 
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Belt and reaching a maximum elevation of 1,750 feet, although 
the terrace just above 1,000 feet is the most prominent. 'Two 
lower shelves are also marked, one at from 500 to.6oo0 feet and 
one at from 200 to 300 feet. 'The major part of the outer por- 
tion of the Coastal Plateau has an elevation of about 2,500 feet, 
and is continuous with the Kentani Plateau of Schwarz. 'The 
inner edge may in turn correspond to the 4,000 feet terrace round 
the coast ranges. 

In the Uitenhage district Haughton (5) has recently ese 
a high-level, gravei-covered terrace north and south of the Great 
Winterhoek Mountains. From a height of 2,600 feet at the foot 
of the mountains this terrace slopes seaward at 1 to 1.s degrees, 
and possesses further a local fall towards the ey rivers. 
South of the Cockscomb the slope is continuous right across the 
Uplands Plateau to near sea-level, apparently showing that 
there could not have been a prolonged standstill at the level of 
the latter. ` Further east, however, evidence of such a halt is 
forthcoming at the eastern end of the Winterhoek, where there 
is an abrupt fall from the edge of the high-level plateau at 1,500 
feet to the base of the 'Tertiarv limestones at 00 feet. At Sand- 
flats the drop is from 1,600 feet to I,100 feet. 'Thbis time break 
is further proved by the presence of a well-defined gravel-covered 
terrace at 850-900 feet, Hlanking the southern escarpment of the 
Klein Winterhoek Mountains. 

Another remnant of a peneplane is found near Knysna in the 
De Vlugt hills (2 and 13), with crests rising from 1,800 to 2,000 
feet at the foot of the Coastal Range. As far west as Cape 
Infanta the T.M.S. of the Potberg suggests shelves, the highest 
of which lies between 1,500 and 2,000 feet. 1 think that we may 
safely correlate the De Vlugt and Upper Potberg planes with 
high-level terraces of the Cockscomb and the Kentani Pleateau. 
This Kentani Plateau is moreover continuous right through 
Natal, Pietermaritzburg being situated on its inner edge. 'The 
many gravel-covered terraces behind the Langebergen may also 
be correlated with those of the Cockscomb. 


Much has already been written on that striking feature to 
which we have above referred as the Ruggens-Uplands Plateau, 
combining local names. “Coastal Plateaw”” would perhaps be 
more appropriate, but Du Toit has adopted this term for a higher 
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feature in Pondoland. 'The Plateau in guestion is continuous 
for a distance of 350 miles from Caledon to Port Elizabeth. From 
George eastward to Port Elizabeth it slopes seaward from a height 
of Soo feet at the foot of the Coastal Range—the Langebergen. 
In the western Ruggens area remnants of the old undulating 
peneplane rise to over 1,200. feet, as communicated by 
Rogers. ..Along' with ' 'this * feature “there has || to be 
considered (he overlving deposits of fluviatile and marine origin 
known respectively as the ''high-level gravels” and the Alex- 
andria-Bredasdorp Series of Mio-Pliocene Age. On account of 
the prevalence of ihe gravels over the major portion of the 
Plateau, Dr. Rogers considers the original plane, especially the 
Ruggens section, to be cut by rivers (10 and is p. 17). 'To a 
certain degree he apparently stands alone in this belief, as 
Schwarz, Du Toit, and perhaps Wybergh (16 p.-p. 64 and 65) 
advocate a marine-plancd origin and consider that the gravels 
were deposited by rivers meandering over the slowly emerging 
plain, and incidentally removing, it must be added, all traces of 
marine deposits over the major portion of the area. 'The argu- 
ment in favour of marine planation is most potent in the case 
of the narrow 'Tsitsikama portion, where the mountain torrents 
could not possibly have carved out a flat plain through folded 
rocks at two or three miles from their source in the abrupt range. 
(Plate II.) lt is a noteworthy fact, however, that the `high-level 
gravels'”' and surface guartzites, on which Dr. Rogers bases his 
conclusions, occur especially in the drainage areas of the larger 
rivers, such as the Breede, Duivenhoks, Kafferkuils, Gouritz and 
Gamtoos, so that these rivers may certainly have co-operated in 
the planation of the more inland and higher portions of the 
Plateau. 


In the Bredasdorp-Riversdale area the Marine 'Tertiaries over- 
lie a seaward-sloping plain from a maximum height of 450 feet. 
Behind this plane there is a distinct and sudden rise to the gravel- 
capped Ruggens at from Zoo and Soo feet to over 1,200 feet, so 
that there has been a decided time break in the emergence. This 
break is represented by a pair of dissected terraces estending for 
some 10 miles to either side of the Gouritz behind Aasvogel Berg. 
The latter was possibly an island at the time. The southern part 
of the Cape Peninsula may well have been planed at this stage. 
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A similar step is seen in the Midlands at Humansdorp, which 
stands at 450 feet, and just below an escarpment of some 200 
feet, forming the edge of the true Uplands Plateau. 'This break 
may similarly be correlated with that at Coerney, 463 feet, which 
is considered by Schwarz to be the reduced extension of the 
Uplands Plateau. 'The eguivalent of the Uplands Plateau is now 
recognised in the gravel-covered terrace at Ss0-o00 feet flanking 
the Klein Winterhoek Mountains, and in the highest base of 
the Alexandria Series at 900 to T,1s0 feet (5). Further east in 
Bahturst the stepped plain begins and extends north-eastward 
into Natal. Schwarz has recognised it between Bathurst and 
East London and again at Kentani. 1 have seen it in Willow- 
vale and Élliotdale and from there onward Du Toit has recognised 
it as an extension of the perfect shelves in the T.M.S. strip of 
East Pondoland. Amongst others, Schwarz mentions terraces 
at 1,108 and 467 feet above East London. In Kentani the stepped 
terrace attains a height of 1,500 feet at the foot of the Kentani 
Plateau and in East Pondoland as much as 1,750 feet. But the 
most pronounced shelf between the Natal boundary and the 
Umtata river lies between 900 and 1,200 feet according to Du 
Toit, and 1 suggest a correlation of this shelf with the base of the 
Alexandria Series and the Ruggens-Uplands Plateau. 'The 467 
feet shelf at East London and especially the 500 to 600 feet shelf 
of East Pondoland may then correspond to the break mentioned 
at Coerney, Humansdorp and Riversdale. 'This break is seen 
round the foot of Potberg, and is perhaps represented by the 
Southern plateau of the Cape Pensinsula. If this view be proved 
correct by a more extensive survey than I have been able to 
execute, then it would imply a @reater emergence in the south- 
east than along the south coast, accepting a partial submergence 
for the Ruggens. Here the emergence is in turn greater than 
along the west coast, as may gathered from what follows. 


In the southern part of the west coastal strip the lower country 
at the foot of the Coastal Ranges has been much denuded since 
its emergence, but the original level is possibly preserved in the 
low watershed at Pools Siding, s36 feet, near Piguetberg. (The 
southern half of the Piguetberg itself is verv flat, and possibly 
represents the Kentani- De Vlugt- Upper Potberg stage.) (Con- 
tinuing, there is no doubt, to my mind, that the flat-topped 
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Elandsberg behind Cape Deseada is a true western eduivalent of 
the Ruggens-Uplands stage. This mountain has a gentle seaward 
slope from a height of 624 feet to 400 feet, where it ends in an 
old sea-cliff of that height. Further north much of the Sandveld 
lies between soo and 600 feet, and along the whole Namadualand 
coast the rise to more level country at 460 to soo feet is rapid. 
The terrace and raised beach at Doornbaai, which is now recog- 
nised to be of Mio-Pliocene age (11), must represent a substage 
in the emergence. Its height is only from 30 to too feet. 'The 
determination of the 'Tertiary age of this terrace gives a greater 
antiguity to the dessication of this area resulting in the formation 
of the Sandveld (10). Rogers has deduced dessication. from the 
remarkable dry Sand Leegte gorge cut in more humid times 
through the terrace of hard T.M.S. and the raised beach, which 
he considered Recent. 'The streams now became unable to cope 
with the sand derived from the disintegration of the T.M.S., and 
this sand has since accumulated to form the Sandveld. 

The East Pondoland terraces point to a third substage at 200 
to a00 feet. 'This stage is not represented in West Pondoland 
unless at Port St. Johns, but further west, as in Elliotdale, where 
lower portions of the dissected stepped plain are preserved, its 
eguivalent may be found. 'The East London plain at 150 to 260 
feet is probably related, and so, too, the narrow shelf in 'Tsitsi- 
kama at 200 -230 feet. At Cape of Good Hope or Cape Maclear 
there is a shelf at 170 feet and at Kogelbaai one at 150-200 feet. 
The Doornbaai shelf may be another eguivalent. It must be 
remembered that all these stages are of Late Tertiary or Mio- 
Pliocene age. f 

At various points all along the coast there are preserved two 
sets of terraces—marine and fluviatile—beaches and old sea-caves 
al average elevations of 60 feet and 20 feet respectively, but with 
these |I intend dealing. in greater detail presently, that is, after a 
consideration of submarine features. 


B. Submarme Evidence. 


Professor Schwarz states that the terraced nature character- 
istic of East Pondoland continues to the edge of the Agulhas 
Bank. He also draws attention to (he presence of drowned valleys 
of the Gouritz and Gamtoos extending below the Bank to the 
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400-fathom isobath (3). Du Toit follows the Saldanha Bay 
drowned valley to the 400-fathom isobath, and traces the con- 
tinuation of the Breede River over the Bank (4). Now, as pointed. 
out by Du Toit, the soundings on the Admiralty Charts are 
neither close nor numerous enough to supply very definite infor- 
mation, and | find that the drawing of isobaths becomes arbitrary 
in cases where `shallower areas may be connected by a narrow 
ridge or left as isolated banks, or where more than one outlet for 
deeper areas may be improvised. Nevertheless a study of isobaths 
seems (0 point to the following characteristics of the coastal 
ocean Hoor. 


Beginning in the north-east, it seems as if the silt from the 
Orange River has been' swept north-westward by the Benguela 
Current, so as to build up a shelf six miles broad and 'sloping 
gently down to the 20-fathom isobath, after which the gradient is 
steeper down to s0 fathoms. OH Port Nolloth there is a precipi- 
tous drop from 20 to 40 fathoms, followed by a sloping terrace 
to 60 fathoms, after which there is another drop to a bank 20 
miles broad at a depth of So fathoms. Opposite the Buffels 
River mouth the fall to the 40-fathom isobath remains, but below 
that the slope is continuous from 50 to zo fathoms, at which level 
the lower bank begins. Further south there is no pronounced 
bank until of the Van Rhynsdorp coast, where the fall is rapid 
to about 60 fathoms, at which level the shelf is some eight miles 
wide. Significantly, the shelf is slightly shallower, just under 
6o fathoms, round about the Olifants River mouth. A marine 
chart published in the second report of the Union's “'Fisheries 
and Marine Biological Survey”? (17) shows a swelling out here of 
the continental shelf to east latitude 1; degrees. About half the 
width lies between 73 and 85 fathoms. South of Lamberts Bav 
the characteristic rapid drop offshore gives way to a more gradual 
slope so that in St. Helena Bay the 20-fathom isobath is 10 miles 
out and the so-fathom some 20 miles. 'This suggests a certain 
degree of silting-up by the Berg River. 'The slope on the Bank 
remains unbroken down to the Cape Peninsula. 

On the Agulhas Bank proper the isobaths define a wide shelf 
between 40 and 60 fathoms. At a few other levels, and even as 
subdivisions of the above-mentioned, less extensive shelves may 
be recognised. ln 'Tsitsikama the fishermen report a bank off 
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Witels River, six miles long and as shallow as from three to 
six fathoms, and a smaller one off Storms River at a depth of 
from 11 to 13 fathoms, surrounded on the near and far sides by 
depths of 36 and 42 fathoms respectively. 'The admiralty charts 
show a bank off Tsitsikama Point at from 19 to 28 fathoms, but 
including a shoal at three fathoms. Several other local banks 
at less than 20 fathoms are shown on the charts, e.g., Rocky 
Bank off Cape Point, a bank to the south-west and one to the 
east of Cape Agulhas, and Riy Bank to the east of Cape Recife. 
The Grue Bank, only 23 fathom deep, is of exceptional interest 
because of its occurrence on the edge of the Agulhas Bank 60 
miles south of Knysna. 

Among the shallower banks the Tugela Bank deserves men- 
tion. 'This bank is nearly 30 miles wide opposite the mouth of 
the Tugela River, but decreases in width northward to four miles 
opposite Cape St. Lucia and southward to six miles opposite 
Durban, i.e., over a total distance of 120 miles. 'The greater part 
of the Bank, especially the northern half, lies above 30 fathom, 
after which it drops to below To0 fathoms in a distance of two 
miles. South-east of Tugela mouth the steeper slope begins at 
40 fathoms. 'There can be no doubt that this bank has received 
an important contribution of silt from the Tugela River, and 
that it hence furnishes perhaps the best example along the Union 
coast of a submarine delta. 


With regard to the pronounced shelf at from 40 to 60 fathoms 
on the Agulhas Bank, there is a suggestion of two distinct planes. 
About so miles south-east of Cape Agulhas an isolated flat-topped 
bank exists at 45 fathoms, rising from a floor of about s2 fathoms. 
Of Cape St. Blaize at latitude 30” 43/ there is an isolated narrow 
€ast-west bank at 44 to 49 fathoms, opposite Storms River in 
Tsitsikama a suggestive peninsular bank at 46 to 48 fathoms, and 
off Cape Recife an isolated bank at 44 to s1 fathoms. Beyond 
Algoa Bay the so fathom line often well-nigh defines the edge 
of the Agulhas Bank, but at times this isobath cuts in so as to 
form bays between so and 55 fathoms deep. In the central parts 
or between the longitudes of Mossel Bay and Algoa Bay the 
shallower part of the shelf is badly preserved and the fall is 
generally rapid to 60 fathoms, below which there is a bank at 
about 63 fathoms. 
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There further appears to be a distinct shelf at from So to TOO 
fathoms, and isolated soundings between these values are not 
infreguent beyond the edge of the Bank. Below the Agulhas 
Bank we have already mentioned the suggested extensions of the 
Gamtoos, Gouritz and the submerged Saldanha Bay down to 
400 fathoms. In all these cases there is much room for doubt; 
e.g. the “'submerged valley”' opposite the Gamtoos can be fol- 
lowed very definitely `upstream'' in a westerly direction along 
the outer edge of the Agulhas Bank for a distance of some 70 
miles, i.e. hopelessly beyond the Gamtoos mouth and leading on 
to nowhere. On the Bank an outlet for the Gamtoos is suggested 
by the 40, 60 and 7o fathom isobaths in a south-easterly'` direc- 
tion, and again in a South-westerly direction by the 7o-fathom 
isobath, in which case it may form a tributary to the above-men- 
tioned valley below the Bank. 'The second ''submerged valley” 
cannot be traced across the bank to the Gouritz River, but a 
Soutiiernly extension of that river is strongly suggested by the 
SG, 60 and zo fathom isobaths and by a sounding of 134 fathoms 
30 miles inside the Bank's edge, and another of 230 just off the 
Bank's edge. (If so extended, the latter part of the channel 
couid have been occupied by the confluence of the Gouritz and 
Breede Rivers. Immediately south-east of the south corner of 
the Bank there is a similar `'submerged valley” running down 
in a south-easterly direction and leading up to nowhere. 'The 
evidence for the extension of the Saldanha Bay valley is to be 
gathered in addition to the Admiralty Chart from a chart in (15), 
but ever this is not very conclusive. 'Taken altogether the sug- 
gestion of a temporary emergence to the present 400-fathom 
isobath is warranted, and is supported by similar phenomena 
from the North Aflantic (17a). 


'The evidence for the emergence of at least the major portion 
of the Agulhas Bank is perhaps more satisfactory. 'The presence 
of the various more or less distinct submarine terraces suggests 
intermittent emergence of perhaps the whole Agulhas Bank. 
As additional evidence Du 'Toit (4) refers to the dredging of a 
Miocene nautiloid, derived probably from the erosion of 'Ter- 
tiary beds during exposure. Schwarz (2) mentions the presence 
cf large water-worn boulders 40 miles off Mossel Bay. 'The most 
(Dnvincing evidence would be that of drowned valleys crossing 
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the Bank. Now, occasionally ill-defined channels, such as those 
preposed above for the Gouritz and Gamtoos extensions, may 
be traced on the Bank, as well as extensions of a few other rivers 
to which we shall presently refer, but it seems as if such channels 
have already been choked bv sea sand or river-borne sit. 
Owing, however, to a lagoon-like expansion of all South African 
rivers—a feature to which we shall again refer—so little silt 
has reached the sea that submarine deltas are seldom developed. 
We have already mentioned the cases of the Tugela, the Orange, 
(ha Olifants, and perhaps the Berg Rivers. Along the South 
(Coast a submarine and perhaps submerged delta for the Great 
Kei River is suggested by the 30, 40 and as a double feature the 
s0-fathom isobaths. 


The following may be submerged valleys on the Bank. Du 
Toit (4) follows the Breede River first in a a SOuth- westerly direction 
for 7o miles after which it turns to the south-east for the remainder 
of is course. Tt has been suggested above that this river may 
have united on the Bank with the extended Gouritz River. Pro- 
ceeding eastward the so and 6o-fathom isobaths seem to show a 
proiongation of the Knysna River, whereas off 'Tsitsikama the 
50-fathom isobath points forcibly to a former extension; as less 
steep-sided valleys, of a number of the numerous gorges; e.g. an 
casterly flowing confluence of the Groot, Bloukrans and Cold- 
stream rivers seems possible, as well as prolongations of the 
Storms, Faure, Elands and Witels streams. 'The 6o0-fathom 
isobath makes the confluence of the Storms, Faure and Flands 
Rivers a possibility, and occasional soundings of 7o fathoms fit 
in with further extension. OM Cape St. Francis the 7o-fathom 
isobath points to a valley forking in such a way as to suggest 
conlluence of a river from 'Tsitsikama with perhaps the Gamtoos. 
In Algoa Bay soundings of s7 and 6; fathoms in line and sur- 
rounded by shallower water point to a south-easterly prolonga- 
tion of the Sundays River. Depths of over 7o fathoms give a 
choice of three outlets to the edge of the Bank. TImmediately 
olf the eastern extension there is significantly a depth of 2s0 
fathoms below the edge of the Bank, but opposite the western 
extension there is a problematical sounding of 1,053 fathoms. Of 
Bathurst the 40-fathom line follows a sinuous course, and a con- 
tinuation of the Kowie River is suggested by indentations of 
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the 40, 30, 60 and even 8o-fathom isobaths. Further to the 
north-east the 50-fathom line makes repeated indentations, e.g. 
opposite the Great Fish and Gonubie Rivers, but this evidence 
is not satisfactory. 

There are, however, a few more typical drowned valleys. A 
good example is Saldanha Bay, where, according to. Du 'Toit, 
the obliterated course of the responsible stream, probably the 
ncient Berg River, has been proved by the finding ol river 
gravels below sea-level in a borehole near Darling. 'The outlet 
of the bay is 23 fathoms deep. 'The harbours of Knysna and 
Durban afford other good examples. Al these harbours are 
greatly silted up. 'The maximum depth of the Knysna lagoon 
is 40 feet, whereas recent boring for the new railway has failed 
to find bedrock at So feet. 


C. Evidence of Lagoons, River Estuaries, Borings and Dunerock. 


Egually good examples, 1 take it, of drowned valleys are 
afforded by the lagoons of especially the Bot and Klein Rivers 
in (Caledon, and possibly those of the (Cape Flats, Bredasdorp, 
George and Knysna, and also a few along the west coast. Pro- 
bably in all these cases, but certainly in the cases of the Bot 
and Klein lagoons, offshore bars have been thrown up by the 
waves across the bay mouths during the final period of sligkt 
emergence (18). 'Through the agency of the wind dune barriers 
have subseguently been established, generally leaving a low gap, 
through which the lagoons are periodically opened. In the case 
of the George-Knysna lakes the barriers are partly dune rock. 
Now, even if these! `dunes .:be 'proved ' to be .of - Ter- 
tiary age, valleys with narrow outlets may have been cut 
through them subseguently to be barred again by younger 
sands. Verloren Vlei, on the west coast, enters the sea over a 
rock barrier, so that, unless its former course be obliterated by 
sand dunes, this lagoon must have originated in the manner 
suggested by Dr. Rogers, i.e. by lateral eroston chiefly by 
wavelets of the impounded waters during periodic daming back 
by sandbars. (10) Lange Vlei, a little further north, is smaller 
and very rarely breaks its wide beach bar. 

Although not recognisable from the map as such, practically 
all ihe South African river estuaries are true drowned valleys, 
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more or less silted up. With the exception of the more westerly 
rivers they are fiord-like in appearance, in that they occupy steep- 
sided valleys culminating in the gorges of the Umsikaba and 
Umtentu in East Pondoland and in the smaller Kaaimans Gorge 
at the Wilderness and the wonderful Storms River gorge in 
'Tsitsikama. (Plates III & IVaA). ln addition the rivers are all 
tidal when open, the tide with a range of only four to six feet, 
advancing for distances varying from a few hundred yards to a 
maximum distance of 23 miles, as stated for the Bushmans River. 
This phenomenon becomes intelligible if we postulate an emer- 
gence of the Agulhas Bank, so that the rivers could effect down- 
ward and headward erosion more rapidly, and in the time at their 
disposal succeed in cutting back their channels to below present 
sea-level for an average distance of a few miles behind the present 
coast-line. The width of these valleys, barring the very smallest 
ones, generally ranges from a few hundred yards to half a mile and 
cven more, and is out of all proportion to the width of the stream 
higher up. (6) For the steep-sided valleys, Dr. Rogers” view, 
that widening was accomplished by lagoon wavelets, is unren- 
able, because of the vast amount of erosion entailed in the cutting 
back of cliffs a few hundred feet high. 'The most natural esplana- 
ion for the abnormal widening is that of a drowned valley origin, 
and this needs no further comment. (Conclusive evidence is 
furnished by soundings and borings. 'The deepest sounding 
known to me is one of 14 fathoms or 84 feet in the Storms River 
gorge. At St. Ellen's Rock, in the Umzimkulu, the depth is 7o 
feet. Above the pontoon the Keurbooms River. gives a reading 
of 60 feet. 'The Umtamvuna, above St. Johns, has a maximum 
depth of 56 feet and one of 48 feet 10 miles up. But borings for 
bridge foundations prove greater depths for the original rock 
Channels. Pillars of the new Umgeni bridge at Durban have 
been sunk to a record depth of 15; feet. Tn the case of the 
Umzimkulu River silts and clays have been proved to a depth 
of 140 feet. In the Buffalo Recent or Pleistocene shelly sands 
re recorded at a depth of 122 feet below low water, in the 
Keurbooms to 110 feet (13), and a borehole at Zwartkops passed 
through Recent shelly sands to strike Cretaceous beds between 
49 and 62 feet below sea-level (19). At Paternoster, on the west 
coast, Dr. Rogers reports a typical shore deposit struck in a 


21 


) 

well from 53 to 70 feet below sea-level, and nearby wells have 
proved alluvium of the Berg River considerably below sea-level. 
Rogers has further put forward the convincing evidence of the 
extension of dune rock below sea-level in various parts along the 
south coast and at Saldanha. In this connection we may add 
the case of the Durban Bluff, where dune rock has been proved 
to a depth of 300 feet, and of Swartvlei, George, where the rail- 
way engineer reports dune rock to depths of 98, 101 and 124 
feet.  'The character of the southern part of the Namagualand 
coast has also led Rogers to deduce submergence (7). In general 
the rock channels of all our rivers have been flled up with 
Pleistocene or Recent sands and sil. 


D. Position of Estuaries with Regard to Sut. 


The silting-up process would be rapid because of the sudden 
entrance of the streams into guiet waters. Some of the larger 
rivers, such as the Berg, Gouritz, Gamtoos, Sundays and 
Great Fish, as well as a few smaller ones, such as the two Brak 
Rivers of George, the Zwartkops and the Umgazana, have silted 
up the greater part of their estuaries, so that the remaining 
channel may be less than' a hundred yards across. Historical 
records show that silt is rapidly decreasing the range of the tides. 
Pleasure trips up. the Keurbooms River are of recent years 
imited to the bend af Whiskey (Creek. ' According to Mt. Ziets- 
man, of Vogelvlei, the tide 30 years ago reached Buffelsdrift, 
some 23 miles up the Gouritz, and far beyond the railway bridge. 
Marine fish were then regularly caught on that farm. 'Ten years 
ago the tide was still troublesome at De Hoek drift, 12 miles up, 
and just below (he poort through Aasvogel Berg. 'To-day the 
tide will not stop traffic on the drift at Albertskraal some eight 
miles up. Owing to veld deterioration by overgrazing in the 
Karoo, as pointed out in the Union's Drought Commission Re- 
port, the southern rivers are more intermittent, but much more 
muddy when in flood—a maximum of 11 per cent. of silt being 
recorded—and for this reason the silting-up of the estuaries may 
now proceed with increasing rapidity. In the time at their dis- 
posal the streams have just about filled up their lagoons, and 
are only now seriously beginning to contribute silt to the ocean 
floor. 'This explains the general absence of deltas on the Union 
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Coast, and it is not necessary (to postulate with Du 'Toit the 
sweeping away of the suspended sediment by the Mozambigue 
Current, which, by the way, is replaced near the shore by weaker 
counter-currents or back eddies. 


E. Nature of Sand Bars and Spits. 


At this stage a word on the sand bars and spits may not. be 
out of place. The presence of beach bars periodically, and some- 
times almost permanently closing the majority of our rivers must, 
by preventing escape, assist materially in the silting-up of the 
lagoons as Rogers has postulated. 'These bars have been built 
up by the waves mostly as baymouth bars, i.e. as bars jutting 
across the “bay” or river estuary from the adjacent promontories, 

the sands being derived from their eroded portions and transported 

by longshore currents. 'They mav also have been to a large 
extent built up by the agitation of the breakers, when the floor 
at the bay-mouth became sufficiently shallow, either by accumu- 
lation of river sediment or sea sand irom the headlands, or by a 
slight recent emergence, in which case they would be the eguiva- 
lent of offshore bars characteristic of a shoreline or emergence. 
Such is probably the origin of the bars cutting off the lagoons 
of Caledon, etc. A striking case is furnished by the Storms 
River. Where this deep gorge opens into a little bay, a bar of 
sea sand has been thrown up to near low tide level. Its surface 
kas a rather gentle seaward slope across the bay, showing that 
the waves have succeeded in shallowing up the bay to its head, 
but not beyond it in the dguiet gorge 14 fathoms deep. 'The 
recorded maximum depths of the Umzimkulu, Umzimvubu and 
Keurbooms Rivers are similarly well up in their lagoons. 


In the case of some of the wider lagoons such as that of the 
Bot River, two sandspits may have advanced at egual rates so 
as to unite in the centre of the former bay. In general, however, 
cach river has only one spit built up from one side to leave a 
narrow outlet right up against the far side. 'This channel is kept 
open chiefly by the outrushing ebb. Bearing in mind the direction 
of the two major ocean currents off the South African coast, one 
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would expect to find the spits extending northward from the 
southern banks of the west coastal rivers and south-westward and 
Southward from the eastern banks of the remaining rivers. NOW, 
in the eastern parts especially, there are many rivers, whose 
actual mouths I have not seen, but, from those that I have seen, 
1 am inclined to think, that the spits running in the direction con- 
trary to the above-stated expectation outnumber those that con- 
form to it. 'This applies especially to the south-eastern parts, 
where spits of the former category occur on several large rivers 
such as the Tugela, the Umtamvuna, the Umzimvubu, the Keis- 
kama, the Great Fish and the Bushmans. Along the west coast 
the Orange has been deflected southward for several miles; also 
the Salt and Berg Rivers. In some neighbouring rivers the spits 
may run out in opposite directions, eg. in the cases of the Umtam- 
vuna and the Umzamba, and the [Lourens and Eerste Rivers in 
False Bay, where the spits have effected considerable stream 
deflection in converging directions. Some rivers, e.g. the Keur- 
booms, periodically breach different portions of the bar so that 
the position of the spit may become arbitrary. Bars or spits of 
various ages are sometimes met at a river mouth. ln such cases 
the recent spit has usually advanced from the bank opposite to the 
older and larger one. 'This is the case with the Berg River, 
where a recent sand spit from the south bank approaches an 
older one from the north, deflecting the stream southward. 
Durban harbour may be taken as a parallel case with the older 
Bluff from the south and the younger dune spit from the west. 
The Eerste River has been diverted to the west successively by 
the older Macasser Downs and a younger beach bar. Older bars 
also enclose the Cape Flats lakes and those of Caledon, Bredas- 
dorp and George-Knysna, and the spits of the Olifants and 
Keiskama Rivers have alreadv been heaped up in part to a dune 
belt. 'The southern peninsula of Saldanha Bay is connected 
to the mainland by an isthmus of dune rock, which probably had 
its origin as a connecting spit or tombolo. 


F. A Reason for the Emergence of the Agulhas Bank. 


“To return to our theme, the evidence in favour of submergence 
) - 

seems sound enough to deduce a former emergence of at least 

part of the Agulhas Bank, if not the whole of it. This emergence 
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must have occupied much of the Pleistocene time, as it followed 
on the emergence of the Ruggens-Uplands Plateau bearing the 
marine deposits of Mio-Pliocene age, and was succeeded by the 
submergence by which Pleistocene or Recent shelly sands could 
fill up the drowned valleys. Du Toit has sought to limit the 
emergence to the amount calculated for the lowering of sea-level 
by the abstraction of water to build up the Pleistocene ice caps. 
He places this amount at 90 to 100 metres or 50 to 53 fathoms, 
and states that more than half the Bank lies above the 6o-fathom 
isobath. Daly gives a catalogue of estimates by various authori- 
ties, and decides upon limiting values of 30 to 60 metres for 
general ocean level and 60 to 70 metres or 33 to 38 fathoms for 
tropical seas because of gravitative effect of the Pleistocene ice 
caps (19) (1C). Now, it must be borne in mind that as far as the 
Cutting or building up of the Bank is concerned, erosion can be 
executed at considerable depths below sea-level. In fact, Johnson 
cites instances of disturbance of sediments at depths of 100 
fathoms, and deduces therefrom that the continental shelves are 
due to normal wave erosion and deposition. Accordingly the 
rather low figure for the estimated negative shift of Pleistocene 
sea-level need offer no serious difficultv. 'The plausibility of such 
an argument lies in the world-wide nature of the continental 
shelf, which in turn presupposes an origin under uniform condi- 
tions—most likely a uniform emergence rendered possible by a 
general lowering of sea-level. On the other hand, for South 
Africa, suck an esplanation presupposes the coincidence that the 
rhythmical processes of uplift had just about reached present 
level at the close of the 'Tertiary and had stopped short there 
since. If some further oscillation be granted, then we may com- 
bine additional uplift with the perhaps inadeguate figure allowed 
by the lowering of Pleistocene sea-level. If, again, the evidence 
of a former emergence to the present 400-fathom isobath be con- 
sidered conclusive, then it becomes more difficult to correlate the 
cutting of the Agulhas Bank with Pleistocene sea-level. 'The 
entire oscillation of an uplift of 2,400 feet followed by a subsid- 
ence of nearly the same amount would need to be completed in 
the interval between [ate 'Tertiary and Early Pleistocene. 
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IV. A RECENT—POST SUBMERGENCE—DOUBLE 
EMERGENCE. 


The most recent event in the coastline history is that of slight 
emergence in two distinct stages. We recognise a major emerg- 
€nce, from nil to 80 feet followed by a minor emergence between 
the extreme limits of rs and 23 feet. This has brought the strand- 
lines of the former emergence to altitudes of from 20 to 100 feet, 
averaging some 530 to 60 feet. My chief work has been the 
collection of corroborative evidence on the final minor emergence, 
which appears to be a world-wide feature. 1 propose, however, 
to describe separately the evidence relating to both stages of 
emergence, and finally to discuss briefly the nature of the emerg- 
ence in the respective cases. 


A. The “Major Emergemce.” 


The evidence for the major emergence is threefold, viz., 
marine-cut terraces or benches, sea caves, and river terraces. In 
order to bring out their geographical relationships we shall deal 
with these collectively. ln Namagualand a prominent clear-Cut 
terrace forms an almost constant coastal element between Port 
Nolloth and Hondeklip Bay—a distance of some 80 miles. From 
the former locality to a litte beyond the mouth of the Buffels 
River it is cut in gneiss and Stinkfontein Beds to a maximum 
width of over three miles. It is so flat that several salt pans with 
rocky floors are to be found on its surface, whose altitude, accord- 
ing to unchecked barometer readings, is probably not much above 
so feet, or perhaps 60 feet, above sea-level. At the seaward edge 
its height is sometimes 30 to 33 feet. For the greater part, how- 
ever, this terrace is buried under a broad belt of recent dunes 
encroaching from the shore, and the heights given on the 
Admiralty Chart may refer to the larger dunes. Dr. Rogers (8) 
has reported on this terrace as a raised beach, because he found 
its surface partly covered with large rolled pebbles. 1 noticed 
a raised boulder beach ridge at a height of as feet on its outer 
edge just south of the Buffels River. 'The terrace continues south- 
ward, and round about `'Naas 'Naas Point it is cut in gneiss with 
a gentle seaward slope from 50 feet at the foot of the hills to 35 
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feet near the shore. It is again very prominent on Zwarte Duinen 
and round Hondeklip Bay. As far south as Kwaas there is a 
similar terrace at a height of at least Go feet. Just below the crest 
of its escarpment there is a layer of calcareous tufa from 50 to 
s3 feet above sea-level. Proceeding southward the first strand- 
line of this order of emergence is the one round about the Olifants 
River mouth, to which reference has already been made. 'The 
overlying deposits are now proved to be Late Tertiary age, and 
hence the Doornbaai portion of the terrace, which has the right 
order of elevation, cannot be considered as evidence for the 
emergence in guestion, although the possibility of a second Hlood- 
ing and even widening of this older terrace is not excluded. North 
of the T.M.S. cliffs at Strandfontein there are cliffs of bedded 
red sands containing a ferruginous guartzite layer at a height 
of 50 to 60 feet above sea-level. Rogers (9) is of opinion that 
these deposits were formed behind the beach as dunes or in pans, 
and that they are probably of later origin than the neighbouring 
deposits. 'There is thus the likelihood of their contemporaneity 
with the strandline under discussion. Further south Rogers 
records a gravel terrace so feet above the bed of the Berg River 
as high up as the south end of the Piguetberg—at Moravia 
station—I take it, In the Saldanha Bay area the hills of granite 
and porphyry are fringed at intervals by terraces showing up 
well along the south-western shore of St. Helena Bay, at Pater- 
noster, and from North-West Bay southward to Saldanha it is 
a prominent and constant feature. 'The islands in the bay and 
Vondeling Island outside it have been cut to the same general 
level, but a central peak has been left on Jutten Island. . The 
Southern peninsula shows the terrace well at the Whaling Sta- 
tions and also to the south and west of (Constable Hill. Its 
altitude in all this area varies between 20 and 40 feet, being even 
as low as IO 10 13 feet along the south-western shore of St. 
Helena Bay and behind Long Point north-west of the Saldanha 
Bay outlet. 'The altitude of Schapen Island is given as 48 feet, 
but the upper 13 feet or so is composed of a calcareous sandstone 
and tufa as is also the case at the Whaling Stations and at 
Paternoster, where the tufa loor is at least 40 feet above sea-level. 
In general the terrace is about of the same order of magnitude, 
especially on [acobsbaai and Trek Ossen Kraal, as its northern 
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and its better known southern eguivalents. At a few localities 
the terrace bears Recent raised beach deposits lying at a height 
of from 20 to a0 feet, as on the northern, and at Oude Post on 
the southern peninsula. Later on 1 shall again refer to these 
deposits. 


Lower down the coast at Yzerfontein Point and along the rocky 
stretch between Modder River and Groot Springfontein there 
is evidence of a terrace at about 40 to 4s feet. ln the former 
locality diorite and in the latter Malmesbury rocks are exposed 
to the levels mentioned before being covered by thick sands. 
Beyond this there is the well-known Green Point terrace with an 
elevation of about s0 feet at the foot of Signal Hill. 'The little 
peninsula at Llandudno and the one bevond are both at this level. 
The former contains several small caves at 30 to 40 feet above 
sea-level. Near Cape Point a raised beach is reported at a height 
of 100 feet. 'This consists of a narrow belt of sandy limestone at 
the foot of Paul's Peak. | did not examine this carefully, but 
am inclined to think that it may represent a narrow dune belt, 
because similar sand rock extends to near the top of the neigh- 
bouring Noupoortjie Nek, which is 440 feet high. 

One of the most extensive ''terraces”'” is the one occipying the 
(Cape Flats, being continuous from the entire northern shore of 
False Bay to Table Bay. As early as I8ar Clarke writes: 
“Before the commencement of these changes in the relative level 
of land and sea, False Bay and Table Bay must have been united 
by a sheet of water more than 60 fathoms deep, extending over 
the Flats, and the Cape Promontory must have been an island.” 
(31, p. 422) Professor Schwarz (2) gives reasons for taking the 
Cape Flats to represent an emerged marine-cut plane. 'To-day 
a great part of its surface is covered by shifting dunes and dune 
rock, but wells have proved ironstone gravels extending to near 
sea-level before resting on clay derived from the weathering of 
Malmesbury Slates below. 'The fact that the original surface is 
so near sea-level need not minimise the emergence, because in 
such a strait—the Cape Strait of Dr. Shand (20)—strong currents 
may well scour out the sea-bottom to considerably below sea- 
level. Behind the dunes at Gordons Bay rock floor is last seen 
at a height of 20 feet. 'The Cape Strait, as well as the smaller 
strait that existed between Fish Hoek and Chapman's Bay, do 
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not therefore furnish evidence on the amount of emergence. 'This 
information is, however, supplied by the neighbouring emerged 
marine benches as well as by the terraces of the Eerste River at 
Stellenbosch. (20). The oldest terrace is 45 feet above the present 
river bed, which is still in course of adjustment to the final emerg- 
ence. Higher up in the Jonkershoek valley the river has left a 
single pair of terraces at about the same elevation above the river. 


Emerged marine benches form rock terraces along parts of the 
eastern shores of False Bay and beyond. A remnant 200 yards 
wide and three-guarters of a mile long has been bisected by the 
Steenbras River. 'The elevation is so feet to 60 feet east of the 
river. At Boskloof Point another wider remnant reaches go feet, 
but this height is due to a thick talus covering. 'The little flats 
at the head of Kogelbaai lie at s0 feet, and just beyond the beach 
there is another neat little terrace 100 vards wide at the same 
elevation. lmmediately north of Rooiels River the rock terrace 
again makes its appearance, and here 1 once more got a reading 
of go feet—again due to talus—and 60 feet near the seaward edge. 
The feature here is 200 vards wide. About half a mile up the 
river there'is a cave 60 feet above the comparatively wide. flood 
plain and about 63 feet above the sea-level. From Rooiels 
round Cape Hangklip to the Kleinmond beach the terrace is very 
conspicuous at the foot of the mountains. As far as Hangklip 
it is generally a double feature about half a mile wide. 'The inner 
section at a height of 60 feet is better planed, but often 
much narrower than (he younger one, whose rough surface lies 
generally below 25 feet. Beyond Cape Hangklip and especially 
round Palmiet River and Kleinmond the higher terrace is very 
prominent and lower steps form a minor fringe. At Kleinmond 
the seaward escarpment is 45 feet high. Halfway up the Palmiet 
River lagoon the height is 37 feet, and at the foot of the moun- 
tain 75 feet for rock Hoor of the same terrace, whose width is here 
over a mile. 'The only example of a stack that I have come across 
at this level is the solitary Heuningklip, a mile inland from 
Kleinmond. 'This is well-nigh a solid cube of T.M.S. Ouartzite 
70 feet high. lt lies at the foot of the mountains surrounded 
by surface wash, so that the height of its base at approximately 
S5 feet is no true indication of the amount of its emergence. 
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Between Mudge Point and the Riviera there is the more familiar 
Hermanus terrace (Plate IV.B.) Its height is generally guoted 
as 50 feet, but at the Hermanus fishery the escarpment is exactly 
60 feet above mean sea-level. At other points the cliffs are gener- 
ally lower. At its inner edge the height is at least 7o feet. 'The 
hillock behind Hermanus was very nearly an islet during the 
bench-cutting period. South-eastward from the Riviera the low 
country is covered by blown sand, dune rock and sandy lime- 
stone. 'The continuation of the Hermanus terrace is represented 
by a sloping shelf at the foot of the mountains to the north of 
the Klein River lagoon, and this suggests a marine transgression 
over the greater part of the area covered by the superficial 
deposits, even if they are in part of 'Tertiary age. Near the south 
end of Walker Bay the T.M.S. floor is exposed to a height of 
25 feet before overlain in single sections by limestone, dune rock 
and sand in turn. Round the edge of the Danger Point penin- 
sula 'T.M.S. may be exposed to heights of 40 feet before overlain 
by blown sand. Bevond this on Hagelkraal, Wybergh (16) 
shows that the terrace has been cut to a width of two or three 
miles into T.M.S., granite, and Bredasdorp limestone alike. 'The 
latter fills older depressions and forms an abrupt line of hills— 
old sea-cliffs—at the inner edge of the terrace. A similar pheno- 
menon on a larger scale is seen in the flats below Bredasdorp. 
These flats continue inland from behind the dune belt for a 
maximum distance of 12 miles near the village. 'To the south- 
west and east of Bredasdorp they end abruptly against a long 
almost unbroken line of limestone hills extending from Nieuwe- 
jaars River to Potberg in the east. Behind the dune belt the 
height is about so feet, whence the rise is gradual to less than 
100 feet, below Bredasdorp village. 'The great extent of this 
bench is probably to be explained by the fact that it is almost 
wholly cut in soft Bredasdorp beds. 'The evidence of the Hagel- 
kraal section has been considered sufficient proof for the recency 
of the emergence, the parallel case of Bredasdorp flats not being 
recognised. Between these localities the terrace is seldom absent. 
It forms the flat country behind Ouoin Point, and over Ratel 
Rivier to Brandfontein, where it appears as an exact fac-simile 
of the Kleinmond and Hermanus terraces. At Brandfontein it 
is cut in T.M.S. to a width of about half a mile at the foot of 
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the Zout Anys Berg. 'The cliffs at its seaward edge are often 40 
feet high, but the rise inland is such as to expose rock floor at 
75 to 80 feet above sea-level. Above this there is sometimes a 
distinct little escarpment some 6 to 10 feet high, above which 
the slope increases progressively owing to sand and rock waste 
from the mountain side. A similar terrace was noticed between 
Hermanus and the Riviera. The presence of this little step points 
to a total emergence of some 83 or 90 feet, with a long halt at the 
level of the main terrace. 

From Cape Infanta westward for a few miles sandy limestones 
overlie a shelf of T.M.S. at a height of 100 to 10 feet. North- 
ward to Cape St. Sebastian the T.M.S. floor rises to over 200 
feet before overlain this time by a guartzitic conglomerate. In- 
land, i.e. north-westward, from Infanta there is a gradual increase 
to about soo feet at the foot of Potberg. 'This shows that the 
100-foot level near Infanta forms the seaward edge of a higher 
and older shelf, which is moreover buried under Bredasdorp 
beds. But some three or four miles west of Infanta there is the 
large cave containing the raised beach deposit mentioned by 
Rogers and Schwarz (2, 13 and 10) 'Thbis cave, 40 yards wide by 
Go yards deep has been cut in T.M.S. and the overlying sandy 
limestone—hence after their deposition. A thick conglomerate 
layer adheres to the roof and overlies the exposed original shelf 
of 'T.M.S. in the side walls, but here it tapers out completely 
near the entrance. 'The flat edge of the shelf points to the absence 
of a subterranean stream, so that the cutting of the cave and the 
introduction of the conglomerate must have been accomplished 
by the waves. 1 take it that after the cutting of the cave altered 
conditions enabled the waves to choke it with sand and rolled 
pebbles. Before finally removed this had become partially 
cemented by percolation of limewater from the roof. IT have 
come across similar conglomerates in a few other caves at lower 
levels. In the neighbourhood there is at least one other big cave 
also cut in 'T.M.S. and iimestone alike. 

Eastward from Infanta problematical evidence is afforded by 
the caves at Cape St. Blaize. 'The larger cave below the light- 
house is 90 feet abové sea-level, and the smaller ones are about 
110 feet. 'These caves may be of subaerial origin as they occur in 
the base of the Enon sandstones, where these overlie the T.M.S. 
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unconformably. 'To the north of St. Blaize a little terrace rises 
to only 45 feet at the foot of the higher escarpment, and at Har- 
tenbosch there is a small river terrace 40 to as feet above the 
present flood plain, which is in turn about six feet above the 
stream itself. Some three or four of the numerous sea-Caves at 
Glentana lie between 40 and s0 feet above sea-level. All the 
others are lower. 


Near Knysna a beach conglomerate is reported on T.M.S. at 
a height of Go feet above sea-level in a road section at the Hom- 
tini or Goukama drift. (21) Of the several sea-caves at and near 
the Knysna Heads there is round the Western Head a low-roofed 
one cut from the corner of a cove along the strike of the seaward 
dipping T.M.S. for a distance of 200 feet; its floor is 48 feet 
above sea-level. In the Eastern Head a smaller cave similarly 
has a floor height of 45 feet. On the way to Noetsie there are at 
least two small caves with floor-heights of 48 to so feet. At 
Robberg, or Cape Seal, there are a few large caves cut in inclined 
T.M.S. and roofed over by hard guartzitic Enon Conglomerates. 
The biggest cave is about ro0 feet deep, 200 feet wide, and Is 
feet high, and its floor, like that of the others, is covered by 
kitchen midden deposits at least five feet thick. Similar deposits 
—often much tbicker—are found in the 'Tsitsikama caves, and 
from these numerous skeletons of the Strandlooper race have been 
collected by Fitzsimons and the late Dr. Péringuey. 'This big 
cave has a floor-height of 45 feet, which is also the height of a 
neighbouring cave about half its size. In addition there are 
three smaller caves each with a Hoor-height of 7s feet above sea- 
level. 

The two little: peninsulas at Plettenberg Bay rise to about 40 
and so feet respectively. Nearby, to the west of the Keurbooms 
River lagoon, there is a river terrace remnant at a height of 45 
feet above the lood plain. A similar remnant at the same height 
is preserved north of the Bitou River above the bridge. 'There 
are also lower terraces, which will be described later. ln the 
sea-cliff east of the Groot River estuary there are two large caves 
nearly 200 feet deep that have yielded tons of bat guano. 'They 
are situated about 7s feet above sea-level. At Coldstream Mr. 
Witcher gave me information on caves | was unable to visit. In 
one, stated to be s0 to 60 feet above sea-level, the floor debris 21 
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feet thick yielded 69 human skeletons. Another bigger cave was 
almost completely filled up to a height of a0 feet with bat guano 
below and human remains above. lts height above sea-level was 
not recorded. 

Near Huisklip, to the west of 'Tsitsikama Point, Mr. George 
Rademeyer conducted me to a few remarkable caves 60 to 80 feet 
above sea-level, in the T.M.S. sea-cliffs. One is a straight cut 
300 feet deep with large stalactites and stalagmites derived from 
the overlying calcareous rock. Another has its main entrance 
at 60 feet and a smaller entrance or outlet 200 feet to the right 
at nearly So feet above sea-level. Inside the main entrance a 
cave branches off almost at right angles to the left for a distance 
of 300 feet. Nearer the entrance on the right a similar cave 
branches off for 100 feet. Behind the latter a third extension runs 
in at an angle and this is in communication with the exterior at 
the above-mentioned smaller opening by. a long narrow curved 
passage. Further west | could see another cave entrance at the 
same level. Now these are positively not solution caves, but 
true sea-caves cut in hard T.M.S., and the one with the several 
subdivisions is a grand object lesson in cave erosion by the waves. 
In the direction of 'Tsitsikama Point there is a narrow but fairly 
continuous wave-cut terrace at a height of s0 to 60 feet above sea- 
level. 


Where the road from Humansdorp descends to the Gamtoos 
valley, one notices two distinct terraces. Only a remnant about 
half a mile long by a guarter of a mile wide remains of the higher 
terrace, whose average height is 66 feet above the broad flood 
plain. A similar remnant may be seen a few miles higher up on 
the east bank. At Schoenmakerskop, near Port Elizabeth, a 
neat terrace over a mile long and about 160 yards wide has been 
cut by the waves in friable calcareous sandstones overlying 
T.M.S. 'This terrace is so feet above sea-level. On the east 
bank of the Coega there is a suggestion of a terrace 60 feet above 
the level of the lood plain. Ouite extensive terraces at this level 
may be seen in the Sundays River Valley, a few miles above 
Colchester village, and a small remnant lies to the east of the 
village. 

Further east 1 did not notice any very defihite evidence of this 
strandline until at Mazeppa Point, in the Transkei, although 1 
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must admit having seen very little of the coast between the Keis- 
kama and this point. 'The hotel at Mazeppa stands on a grass- 
covered terrace so feet above sea-level, and on the edge of the 
escarpment there is a thin bed of shells apparently wind-blown. 
South of the Jujura River, for example, there are bare wind- 
swept areas where many shells are blown about at the same 
height. But it is only when we come to the terraced strip of 
T.M.S. in East Pondoland that the evidence is again convincing. 
Along practically the whole of this T.M.S. coast the higher 
shelves described by Du 'Toit are repeated on a progressively 
smaller scale, the second last lying at an average elevation of so 
to 60 feet. Its width is only about so to 100 yards. Along the 
southern bank of the Umpenyati River, across the Natal border, 
there is a row of large rounded T.M.S. boulders at a height'of 
So feet above the lagoon at sea-level. In the little T.M.S. patch 
at Mount Zion there is a terrace so flat in parts as to form boggy 
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ground at a height of 40 to so feet. Further north, except round 
Sezela and Scottsburgh, | consider the little terrace fringing 
almost the entire Natal coast to belong to the lower stand, 
although often built up by sand and surface wash to the level 
of the higher terrace. 


B. Age of this Strandlime and Nature of Its Emergence. 


The terraces and caves enumerated above are characterised by 
the general absence of shelly raised beach deposits except in the 
Saldanha Bay area, where the emergence is so slight, that the 
shells may possibly be of later date. 'There are, however, other 
illuminating phenomena indicative of their age. 'The most con- 
clusive evidence is that put forward by Wybergh (16), where he 
shows that the terrace near Danger Point is cut in 'Tertiary 
Bredasdorp limestone and older rocks alike. 'This means that it 
has been cut after the deposition of the former, which may extend 
to below sea-level, showing that its deposition continued at least 
until the incidence of the Agulhas Bank emergence. 'The terrace 
must therefore be post Agulhas Bank emergence. | have 
pointed out that the same phenomenon occurs at Bredasdorp, and 
that the Infanta cave also proves wave activity affecting the 
Bredasdorp beds after their deposition. 

Evidence of another nature is furnished by the sea-caves. At 
the higher level, caves are not only preserved unscathed in the 
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present sea-cliffs, but also occur in intimate association in the 
same cliffs with caves of the minor emergence.and of present 
make, as at Rooiels River, Infanta, Recife, Glentana, Knysna, 
Cape Seal and Tsitsikama. Surely the Agulhas Bank emergence 
could not have intervened! Similarly the higher and lower ter- 
races of the Eerste, Nieuwejaars, Hartenbosch, Bitou, Gamtoos, 
Coega and Sundays Rivers belong to the same cycle of activity 
and no lengthy time could have intervened. In all these cases the 
terraces are cut in alluvium, completely filling up the valley to 
below the present stream bed, and in every case (excluding 
the Eerste and perhaps the Nieuwejaars) this alluvium, together 
with Recent shelly sands, as proved for the Bitou, fl up the 
original submerged rock channels. ''The terrace of the Berg 
River is similarly of recent date. 


In the case of the East Pondoland the pattern of the larger 
terraces is repeated at the level in guestion and appearances in 
the field suggest an immediate succession, and hence Late 'Ter- 
tiary age for this terrace. 'The evidence of the line of rolled boul- 
ders on the bank of the Umpenvati seems, however, to indicate 
a recent submergence to that level, as they could hardly have 
cscaped removal by erosion during the Agulhas Bank emergence. 
Du 'Toit, however, guotes similar lines of boulders at higher 
levels. Another significant consideration lies in the fact that the 
smaller streams have not in the time at their disposal succeeded 
in Cutting through the terrace to base level, but descend it by 
little cataracts and waterfalls. Finally its elevation fits in so well 
with that of the western terraces that correlation seems natural. 


Without explanation the terraces have been referred to above 
as emerged marine or wave-cut benches. 'This has been done 
because their appearance in the field at the foot of steep hills and 
mountains is so characteristic as to preclude any other origin 


Fig. T. Tdeal section showing “major” and ''minor” terraces. 
Scale 1 inch—500 #t. 


(see fig. n). Before discussing the nature of their emergence it 
would be useful to tabulate the evidence recorded above. 
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List of Marine and 


Amount in feet of 


Ad Fiuviagle  dersaees | Elevation Fmplied. 
Namagualand Marine Terrace 50 to 60 
Berg River Terrace 50 
Saldanha Bay 1erraces 20 to 40 
Green Point | Terrace 5o 
Cape Point Beach? 100 
Eerste River Terrace 45 
Steenbras and 

Rooiels Marine Terraces so to 60 
Rooiels Cave O5 
Palmiet River Marine Terrace 75 
Hermanus Marine Terrace | 70 (about) 
Brandfontein | Main Terrace 75 or So 
Brandfontein | Small Terrace on 

|. .. fermer 853 or 90 
Bredasdorp Flats Marine Terrace | 90 
Infanta Cave 100 
Mossel Bay | Caves 90 and TIO? 
Mossel Bay Terrace AS? 
Hartenbosch River | Terrace 45 
Glentana Caves 45 to so 
Goukama drift Beach conglomerate | 60 
Knysna Caves 48 to so 
Cape Seal (Caves 45 and 75 
Keurbooms-Bitou 

estuary River Terraces 45 
Groot Rivier Coast Caves 75 
Coldstream Cave SO? 

(Coast west of Tsit- 

sikama Point Caves 60 (and 80?) 
Tsitsikama Point Terrace so to 60 
Gamtoos River Terrace 66 
Skoenmakers Kop Terrace 50 
Coega and Sun- 

day's River River Terraces 6o (about) 
Mazeppa Point N Terrace 50 
East Pondoland Terrace 50 to 60 
Umpenyati River Line of boulders 80 
Mount Zion Terrace 40 to 50 
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The above data point to the existence of two separate strand- 
lines in the section between Mossel Bay and 'Tsitsikama Point. 
This is most evident in the case of the caves at Cape Seal. 'The 
higher little terrace at Brandfontein and the Cape Point raised 
beach may represent the western eguivalent of the higher stand, 
and the Umpenyati line of boulders the eastern counterpart. For 
the rest there are many areas at 50 to 60 feet and others showing 
a regular fluctuation. Tn other words the emergence is normal 
in Namagualand, falls to a minimum round Saldanha Bay, in- 
creases again to so feet at Cape Town, whence the rise is fairly 
uniform to a maximum of 100 feet at Infanta, after which it falls 
to between 4s.and so feet in Mossel Bay and, but for the Gou- 
kama evidence, preserves this level as far as the Bitou, beyond 


which the normal so to 60 feet emergence continues to Pondo- 
land. 


Now, bearing in mind the wonderful uniformity of elevation 
exhibited by the succession of the larger plateaux, it seems not im- 
possible that we are dealing here with another case of compara- 
tively uniform epeirogenic uplift. 'The unegual elevation of the 
South-western parts seems to prove the case. On the other hand, 
disregarding such local variations, an emergence of so to 60 feet 
seems so general as to suggest a lowering of sea-level. Such a 
lowering would then be minimised ir areas of subsidence, as 
may. be the case at Saldanha, and offset in areas of emergence, 
as may be the case round (Caledon, Bredasdorp and Infanta. 
prefer the former explanation. 


In this connection it may be instructive to guote an observa- 
tion by Dr. Shand (22). He draws attention to the asymmetrical 
nature of many of the mountainside valleys at Stellenbosch, their 
northern slopes being much steeper than their southern slopes. 
From this he deduces a tilting of the land so as to produce a 
downward inclination toward the north, and hence a northward 
shifting of the stream beds. Now the fall of from 78 feet at 
Palmiet River to about 30 feet at Saldanha Bay in a distance of 
100 miles, or less than six inches per mile, is the only direct 
evidence of such a tilt, and this seems inadeguate to bring about 
the observed results. 'To my mind the phenomenon of the 
asymmetrical valleys is to be exvplained by the prevailing drift 
of the rains from the north and north-west; whereby a greater 
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amount of rain would more effectively strike the southern valley- 
sides, and hence promote a greater surface wash, and more rapid 
erosion. ln this way the watersheds would be sbifted southward, 
the stream beds remaining in position. 


C. The '“Mimor Emergence.” 
() General Consideratioms. 


In discussing the final or minor emergence the following pheno- 
mena are relevant: 'Typical raised beach deposits occur at a 
number of localities, and in addition a few raised wave-built 
terraces or beach crests. ËÉmerged marine benches or rock 
shelves are not uncommon and fall into two classes. Fringing 
precipitous coasts, as at Cape Point, irregular rock shelves occur 
showing little apparent emergence, but in such cases the power- 
ful surf has cut new ledges well below sea-level. In general 
the terraces are comparatively high, but then the new ledges are 
cut between tide levels and sometimes above high-water level. 
At a few localities small terraces at more than one level point to 
intermittent emergence. Sea caves once more afford definite 
information and, as we shall see, caves at an intermediate level 
prove at least one halting stage in the final emergence. 'Typical 
stacks of this strandline have escaped my notice, although there 
existed at the time a few projecting rocks or islets at (Gordons 
Bay, Hermanus, Cape St. Blaize and Noetsie. 


A very common phenomenon along our coast with its moderate 
tidal range is the presence of boulder or pebble beach ridges or 
cusps, distinct from, but likely to be mistaken for, ordinary storm 
beaches. From the latter they are often separated by a belt of 
scrub, or even trees. Often several parallel or concentric cusps 
occur in the same locality as at Cape Agulhas, and in such cases 
they are progressively higher inland. ln many cases such cusps 
are not noticed on the terraces, but more often they are present 
on the seaward edge, especially if the terrace has a marked sea- 
ward inclination. ln the absence of terraces it becomes difficult 
to discriminate between cusps proving emergence and storm 
beaches, but often such cusps are partly buried by prograd- 
ing beaches or shifting dunes. 'The nature of these cusps will 
be better grasped in the descriptions to follow, but it mav be well 
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to state here that in my opinion their origin is intimately related 
to that of the formation of offshore bars along coastlines of 
emergence, and ihat they hence belong to the period of retreat 
of the sea subseguent to the cutting of the terraces. At the 
lowering of sea-level the zone of breakers will be displaced sea- 
ward: wave erosion will receive a new impetus and successive 
beach ridges or storm beaches will be thrown up on the outer 
edge of the emerging terraces. On the more gently sloping sea- 
floor miniature offshore bars may have developed, and these may 
now be represented by the cusps behind the sandy beaches. 
Owing to emergence there has been no time for the final removal 
of such beach ridges, as may happen and probably did happen, 
during the more lengthy terrace-cutting period. A study of the 
relative heights of the older beach ridges above the present 
storm beaches brings to light the intermittent nature of the 
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Fig. 9. Tdeal section showing beach ridges formed during emergence 


of “minor” terrace. Scale 1 inch—l00 ft. 


Care must be exercised in determining the amount of emerg- 
ence from the height of the beach ridges. By a negative shift 
of sea-level the sea-Aloor shallows, whereby the zone of breakers 
will be shifted seaward, so that only smaller waves may normally 
reach the shore. As erosion proceeds at the new level the 
breakers will readjust themselves, so that the former state of 
affairs may in time be restored, but by creating a deeper wave 
base they may go beyond this point and allow larger waves with 
more powerful surf-fling to operate on the shore. Now, accord- 
ing to D. W. Johnson, the average size of the waves determine 
the spacing of the common beach cusps (14, Chap. X). Where 
such are occasionally preserved for the pebble beach ridge, they 
are more closely spaced than the present beach cusps in the same 
locality, and were hence shaped by smaller waves. In other 
cases shells, pumice, driftwood and even pebbles are to-day flung 
by more powerful surf on to the crest of definitely older beach 
ridges or wave-built terraces. ! 
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Finally, additional evidence is once more gleaned from a num- 
ber of river terraces, and among these the Stellenbosch terraces 
prove a resting stage in the emergence. 


(ii) The Evidence. 


Along the Namagualand and Van Rhynsdorp coast, as far 
South as the neighbourhood of the Olifants River, there is abun- 
dant evidence of a recent emergence of approximately 20 feet, 
Both wave-cut and wave-built terraces are common as well as 
boulder beach ridges dating from the incidence of the emergence. 
The wave-cut terraces of these parts seldom if ever show a clean 
rock surface, but are invariably thinly covered with sand, clayey 
ground, or even calcareous tufa. 'The typical west coast scrub 
and succulent plants hence extend on to the terraces. 


Where not concealed by dune sands, a small wave-cut terrace 
18 feet above mean sea-level mav be noticed at intervals between 
Port Nolloth and 'Tweepad farm, and this most likely extends to 
the Buffels River. (For convenience, unless otherwise stated, the 
elevations €iven are referred to the mean sea-level datum. 
Remember that the tidal range for the whole South African coast 
is only 3 to ad feet at neap tides and mostly s to s1 feet at spring 
tides.) From the Buffels River southward the terrace continues 
at freguent intervals, its average elevation being from I6 to 20 
feet. An old boulder beach ridge usually overlies its seaward 
edge. North of Melkbosch Point, e.g., the crest of such a ridoe is 
20 feet high, but fresh pebbles are hurled by the present storm 
waves nearly to its crest. This does not minimise the emergence, 
because, as pointed out, surf-ling varies with effective wave-base, 
so that after a prolonged attack it is likely to be more effective 
than during the intermittent process of emergence. Further, the 
total emergence is guaged from the height of the terrace and not 
the crest of the beach ridge, which was formed after emergence 
had begun. 'The terrace in guestion is 2 or 3 feet lower behind 
the beach ridge, but rises inland to 24 feet, where its surface 
consists of a shelly beach deposit. On the way to 'Naas `Naas 
Point at least two parallel cases are met in addition to a ridge- 
free terrace so yards wide and 20 feet above sea-level. 'This has 
a surface of chalky ground, and is neatly cut out of the edge of 
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the “major” terrace. On Zwarte Duinen- the chalk-floored ter- 
race is followed for long distances at an average elevation of 20 
feet, and behind the narrow dune belt in one locality it is seen 
to make beautiful concave curves or bays 300 to 400 yards from 
point to point and 100 yards across into the '`major'”” terrace. 
Between Schulpfontein Point and Hondeklip Bay, i.e., for some 
15 miles, 1 did not notice the lower terrace, whereas the higher 
terrace is still prominent. At places gneiss is exposed to the top 
of the latter's escarpment, at other places rather wide ledges have 
been cut between tide levels, and for the rest there is much blown 
sand and even recent limestone. 


At Hondeklip Bav a remnant of the terrace can be recognised, 
but immediately south of it the characteristic little terrace can be 
followed for a few miles. Its average width is about 100 yards, 
and its elevation 20 feet. 'The boulder beach ridge is present. 
Further south for some 30 miles to the neighbourhood of the 
Groen Rivier the terrace is wanting, but emergence is proved at 
` Bitter Rivier by the presence of a boulder beach at a height of 
15 feet surmounting a seaward sloping tufa floor, the surface of 
which is overriden by shifting dunes. At Strandfontein Point 
in this strip tbere are low cliffs of recent limestone yielding the 
strongest springs north of the Olifants River. Nearby a bench 
has been cut between tide levels and on its surface a lime- 
cemented layer of conglomerate has been formed as at various 
localities along the South Coast. Nearer to Groen Rivier an 
imperfect terrace pointing to an emergence of 20 feet is again 
seen. South of that river, about Eiland Point, there are wave- 
built terraces of shelly sands up to 40 yards wide and only Is 
feet above sea-level. Shells are thrown on to the crest by storm 
waves, but it seems unlikely that the latter could in this way have 
built up so wide and level a beach, and 1 conclude that they have 
only recently acguired their present range of fling. This lower 
terrace is not an isolated occurrence, as we shall presently see. 
In the same locality, and especially a few miles further south, 
there are terraces of the same nature at a height of 20 to 22 feet. 
Round about 'Tities Baai and southward for a few miles, extensive 
wave-built terraces occur, especially behind the bays. 'They are 
24 teet above sea-level and 19 or 20 feet above the present beach. 
In addition to these there are often similar terraces at a lower 
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level, about 16 feet, and in a few cases this lower terrace is being 
denuded by storm waves, whilst recent shells are also piled against 
it to a height of 12 feet. 1 think this is a further proof of more 
effective wave activity. On the north bank of the Van Rhyns- 
dorp Sout River at the mouth of its former €stuary, now repre- 
sented by a salt pan, there is a sand-covered terrace remnant 50 
to TO0 vards wide. Its height above the pan is 20 feet, rising to 
25 feet at the back, where the sand covering may be thicker. 


Further south, on the farms Grauwe Duinen and part of Klip 
Vlei, the higher little terrace, apparently wave-built, is continu- 
ous for miles at an average width of so yards and an elevation of 
about 22 feet. On his return journey from the Copper Mountain 
good old Simon Van Der Stel made use of this little terrace for 
many miles as affording at least level ground through troublesome 
scrub. His track is still recognisable, because occasional use is 
being made of it by the farmers. ln one locality the lower little 
terrace at a height of 16 feet is well preserved, and storm waves 
have piled a ridge of shells against its edge to a height of 12 feet, 
whereas another ridge of shells has been formed during high 
water at a height of six feet in the absence of a beach. 


The evidence of the terraces enumerated above clearly indicates 
a uniform recent emergence of almost exactly 20 feet, there being 
at least one definite halt after sea-level had been relatively lowered 
by 6 or 8 feet. Dr. Rogers has deduced a recent subsidence of 
the coast between Kwaas and the Sout river from the absence of 
terraces and raised beaches and from the recent nature of the nip 
cut in the sloping coast (7). Most likely he has dismissed the 
small wave-built terraces as being the product of storm waves, 
but to such a view 1 cannot submit. ln these parts the 'major”” 
terrace is lacking so that submergence may well have taken 
place recently, but not since the formation of the 20-foot strand- 
line, which is unaffected by subsidence. 

In the cliffed section of the coast round about the Olifants 
River there is apparently no trace of the final emergence, although 
it is easy to miss sea-caves in the excessively rugged T.M.S. cliffs 
at Strandfontein. At the foot of the escarpment in Bamboes and 
Doorn bays, and south of the latter there is a low terrace most 
likely wave-cut, but concealed by sand and scrub. At the north 
end of Doornbaai an irregular rock bench about 6 to 8 feet above 
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sea-level is kept clear by the waves, and at the south end on the 
little peninsula there is a suggestion of a rock terrace up to 25 
feet high. South of Donkins Bay there are many rock benches 
between tide levels, but the dunes obscure any. evidence of 
emergence. Sound evidence is alfforded by the little island at 
Lamberts Bay, which has been cut for the most part to a height 
of 8 to 12 feet, as judged from the land, but on the mainland 
there is some kind of shelf up to 25 feet above sea-level. On 
Steenbokfontein further soutk T.M.S. is exposed to a height of 
16 feet, and nearer Elandsbaai to only 6 or 8 feet. At Baboon 
Point, or Cape Deseada, there is a small rock terrace continued 
southward as a wider sand-covered plain, and lying at the foot of 
old sea-cliffs 400 feet high. 'The rock terrace is about 18 feet above 
sea-level at its inner edge, but it descends in benches to the 
water's edge. 'Throughout almost the entire length of St. Helena 
Bay there is a narrow trough-like valley behind tbe first dune 
ridge, and on Steenbokfontein a northern representative occurs 
(9 p. 158). 'This low flat ground may represent an emerged sea- 
fioor, while the persistent dune has probably originated as an 
offshore bar since emerged and augmented. 'The escarpment of a 
raised estuarine deposit can be followed for a few miles up the 
north bank of the Berg River, bedded shelly sands being exposed 
to a height of 18 feet above the mean tidal level of the river in 
the dry season. A list of species is given in the appendix. 

The southern shores of St. Helena Bay show further proof of 
emergence. Co-extensive with the Malmesbury outcrop the hin- 
terland is so flat, that a submergence of 20 feet would promote a 
considerable marine transgression. Along the seaward edge of 
the flats there are two persistent beach ridges of sand and pebbles 
at elevations of 8 and 14 to 16 feet respectively, the higher one 
being the larger. Both are ancient, being formed during the 
emergence. Similar ridges occur along the granitic coast, e.g., 
along Shell Bay at 9 and 15 feet respectively. An old shelly 
beach 8 feet high is seen at Britannia Bay, and one near Cape 
Duminy at a height of 15 feet. ln North Bay there is a wave- 
built terrace about 16 feet high. 


I have stated above that the height of the “major” terrace is 
only 10 to 1s feet along the south-western shore of St. Helena 
Bay—between Steenberg and Stompneus coves—and also behind 
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Long Point at the Saldanha entrance. 1 take it that in these cases 
local subsidence allowed the shelves to remain submerged during 
the 20-foot stand, and hence to suffer further planation. ln gen- 
eral, however, the 'major'' terraces were almost wholly emerged 
at that time, their early emergence being shown by the fact 
that `minor'' terraces often fringe the “major” ones, as is well 
seen round about Cape Duminy and especially on Jacobs Baai. 
These emerged rock benches range in height from 8 to 1s fee, 
averaging Io to 12 feet, and have a mean width of, say, 23 vards. 
At their seaward edge they are surmounted by ridges of boulders 
with crest heights of 1s to 18 feet above sea-level. Near the Jacobs 
Baai homestead there are two successive little terraces, each sur- 
mounted by a ridge of boulders. The boulder beaches between 
Long Point and Saldanha are referred to by Du Toit and shown 
on his map of the area (12). On the southern peninsula the 
“minor” terrace 18 feet high is seen opposite Vondeling Island. 
In the bay Schapen and Meeuwen Islands are partly surrounded 
by rock benches 12 to 1s feet above sea-level, and the other benched 
islands are mostly below 20 feet, showing that they also remained 
partially submerged before the final emergence. ln this area 
then, recent subsidence has evidently affected the major” terrace 
so as to bring it much below the average elevation; it is, however, 
doubtful if the '““minor”' strandline has been affected, but if so its 
subsidence does not exceed about s feet, as may be judged from 
the terrace on Jacobs Baai. 


With regard to the raised beach deposits, Du Toit has mapped 
those occurring on the 'major”' shelf of the northern peninsula 
(12). Here the sbelly bed can be followed for nearly 2 miles, hav- 
ing a width of up to 300 yards and a thickness of 3 to 4 feet. It 
lies generally between 20 and 30 feet above sea-level, and does 
not extend to the seaward edge of the terrace. 'The smaller deposit 
discovered by Rogers at Oude Post, on the southern peninsula, 
lies at an elevation of about 2s feet. On Geelbek Fontein, off the 
extreme south-eastern corner of. the lagoon, an extensive deposit 
has recently been exposed by auarrying for road metal. 'This 
shelly bed, which is 3 feet thick, rests on a 6-inch crust of tufa 
overlying a loose sandy limestone. 'The exposures are at the head 
of low flats nearly half a mile from the water's edge, and 1I was 
unable to determine their correct height, which is probably not 
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far from 25 feet. Ouite likely the deposit underlies the surface 
sand over the whole of the flats, and may hence extend down to 
sea-level. On the whole, though, it seems clear that the raised 
beach deposits accumulated during the interval between the cut- 
ting of the major and minor terraces. 


A determination by Dr. Haughton of the shells from these 
deposits revealed the interesting fact that they include many 
species, which are no longer found along the cold western shores, 
but are still abundant along the south coast and represented in 
the southern raised beaches. In the lagoon there are beds of 
dead oysters, and attempts at introducing oysters from the south 
coast have failed. From these facts Haughton has verbally sug- 
gested `a former extension of the warm Mozambigue current 
through the “Cape Strait'”” so as to skirt the west coat closer in- 
shore than the Benguela current and ultimately sweep through 
what now forms the long narrow isthmus of sand and dune rock 
into the southern arm of Saldanha Bay. From other considera- 
tions the existence of the “Cape Strait”” seems well-nigh proved, 
and Du 'Toit, in considering the origin of the phosphates, points 
to the extreme likelihood of the isolation of Saldanha Bay penin- 
sulas as islands when the terraces were being cut. 'The magnitude 
of the terraces in the lagoon certainly reguires a wave attack more 
vigorous than that possible under present conditions in the calm 
lagoon waters. Approaching the Saldanha Bay problem in this 
way one may be inclined to doubt its generally accepted drowned- 
valley origin. 'The postulated current could well have scoured 
out the Saldanha channel. (Granted that at the time of the 
Agulhas emergence there was no land barrier in the form of the 
southern isthmus, there seems little reason why a hypothetic 
river, deduced from the occurrence of gravels below sea-level near 
Darling, should not have taken this shorter course. 


The existence of a warm current skirting the west coast may be 
expected to neutralise the effects of the cold Benguela current 
further out and produce a more humid climate, such as held sway 
at the time when the Sand Leegte gorge was cut further north. 
Against this view there is the evidence of the phosphate deposits 
of Saldanha and Darling, the preservation of which reguired a 
dry climate, during the same period, if we accept the contempor- 
aneity of the deposits with the isolation of the Saldanha penin- 
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sulas as islands. Apparently, then, the supposed current was too 
insignificant to affect the west-coastal climate and the Sand Leegte 
gorge must be of earlier origin. 

To return to the evidence for emergence, mention must be made 
of a conspicuous wave-built sandy terrace at Yzerfontein Point, 
opposite Dassen Island. It is nearly a mile long, about 100 vards 
wide and at least 26 feet high, but in this locality the present 
storm waves are capable of throwing mytilus shells far up the 
slope and occasionally on to the crest. 'There is no doubt, how- 
ever, that the terrace represents a true raised bench, as its surface 
is too uniformly flat to have been built up by storm waves during 
a considerable progression of the shore. 'The emergence implied 
cannot differ much from 20 feet. 


Along the rough rocky coast about Bok Bay only one diminu- 
tive wave-cut terrace was noticed near Buffels River. An old 
overgrown shelly beach ridge, 18 feet above sea-level, surmounts 
the edge of the terrace which is s feet lower. Shelly and pebble 
beach ridges are, however, common at the head of the numerous 
life inlets. 'Their crest height varies from 8 or To feet to m8 feet 
and even 20 to 26 feet at Shell Bay, and this once more suggests 
a halt in the emergence. An excavation at a height of 16 feet 
proved the deposit at Shell Bay to be at least 4 feet thick. An 
insignificant rocky ledge 8 feet above sea-level occurs near Spring- 
fontein. Further south the overgrown flats at Melkbosh Strand 
suggest a terrace of the right order, and at Blouberg Strand there 
is an indefinite rocky ledge at a height of about 8 to 12 feet. 


Along the west coast of the Cape Peninsula a low emerged 
bench, running along the foot of the old sea-cliffs, can be fol- 
lowed practically without break from Chapman's Bay to the Cape 
of Good Hope. lt often attains its maximum height of 20 feet, 
and has an average width of 100 vards, being sometimes much 
wider. Boulder beach ridges are common, and these sometimes 
lie below and even far behind the dune belt where developed. 
Fringing the more precipitous coast of the Cape of Good Hope, 
or Cape Maclear, there is a narrow but conspicuous rock shelf. 
A similar bench occurs below Paul's Peak inside False Bay. 
The average height of the shelves is perhaps 8 or 10 feet. At 
Paul's Peak additional lower shelves determined by flat T.M.S. 
strata are common, say, at 4 to 6 feet, but other shelves are 
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found at 1s to 18 feet. 'The powerful surf along this part of the 
coast has since cut similar ledges well below sea-level. 'The 
depth of these ledges is such that waves with a crest height of 
6 to $ feet often do not break over them. Now, according to 
D. W. Johnson, waves generally break when the depth below 
still water level eguals the true height of the wave from trough 
to crest, and the crest of a breaking wave rises three-fourths above 
mean water level. 'The submarine ledges are therefore at least 
8 or 10 feet below sea-level, and hence the emerged ledges may 
well indicate a negative shift of 20 feet. 


In addition to the bench below Paul's Peak, records of wave 
erosion past and present are numerous along the shores of False 
Bay. On its eastern and western shores | have found no less than 
42 Caves, 6 undercut ledges and 4 tunnel-caves (Plate V.A.) Many 
of the caves, including the largest, have been cut along joint 
planes in the T.M.S. at right angles to the strike, which to a cer- 
tain extent has determined the trend of the coastline, especially 
from Gordons Bay to Cape Hangklip. Some sguare-shaped caves 
have resulted from undercutting of the landward dipping strata, 
so that their ceiling may consist of a single stratum dipping at 
say 40”. A' small majority of the caves have been excavated 
parallel to the strike. Of these a large number are situated at 
Boschkloof, near Kogel Bav, and they owe their origin to the 
presence in the T.M.S. of a soft shale band 23 feet thick. This 
band has at one place conveniently been shifted by a small dip 
fault, so that a maximum number of caves could be excavated. 
By way of exception one cave has been cut in granite below the 
Cape Point lighthouse. Of the above-mentioned caves, etc., an 
undercut ledge in Smitswinkel Bay, at an elevation of 100 feet, 
may be due to subaerial erosion, and the Rooiels River cave, at 
65 feet, belongs to the “major emergence.” 


The remaining caves, etc., may be classified according to the 
elevation of their floors: Near Cape Point a large cave with a 
length of 200 feet and a roof-height of 40 feet has a maximum 
floor-height of 30 feet at the back. One undercut ledge near 
Rooiels River also has a floor-height of a0 feet. In relation to 
the other caves this height is rather abnormal, and may be 
accounted for by more powerful surf and sediment on the floor in 
the former case and possibly subaerial erosion in the latter case. 
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The maximum floor-height of not less than Ts Caves, 1 tunnel 
and 2 undercut ledges lies between 20 to 25 feet, and of these 10 
caves and the tunnel fall between 24 and 23 feet, the remaining 
5 varying from 20 to 24 feet. Further, 10 Caves rise to a maxi- 
mum of from 1s to 19 feet, one undercut ledge is, roughly, at 
14 feet, another forms a row of little caves at 12 feet, and a small 
Cave runs up to 12 feet. 'The remaining 1s caves and 3 tunnel- 
Caves are of present make. Of these 3 small caves are out of 
reach of the waves at low water, whilst the others are normally 
invaded by the sea. . ln a few cases the water at the entrance is 
too deep to estimate, in other cases the depth is not more than 
3 or 4 feet. Sometimes the floor can be seen to have a seaward 
slope, so that the far end, which invariably is out of sight, could 
well be as much as 3 feet above mean sea-level. With regard to 
the tunnel-caves, the sea barely washes through two of them so 
as to make the maximum floor-height of one cave high tide and 
that of the other low tide level. Of the third only a remnant 
remains and the sea is dcep and powerful. 'There is one very 
unigue case of a double cave. Halfway in, the cave is continued 
below as an adit 4 by 4 feet and 6o feet long, and immediately 
above as a gallery cave 30 feet long, 10 feet wide and 6 feet high. 
The latter reaches a floor-height of 23 feet and the former of 18 
feet. 


With regard to size the record is held by one at Kogel Bay. 
This interesting cave has a length of 300 feet, a maximum rOOf-. 
height of so feet and a maximum width of 30 feet. lt consists 
of four chambers in line successively smaller inward and contains 
in addition four narrow passages running obliguely back toward 
the entrance. Its floor slopes up to a maximum height of 26 
feet at the first constriction 180 feet from the lip, after which it 
falls at the rate of 1”, so as to give the true floor-height at the 
back of 24 feet. 'This reversal slope is due to deposition of sea 
sand in the shape of a beach during emergence. (A similar 
reversal of slope is shown by another cave 140 feet long and con- 
sisting of two chambers in line. 'The maximum floor-height of 
24 feet is reached at the central constriction, after which there is 
a rapid drop of 4 feet followed by the original slow rise to 24 feet 
once more.) 'The second largest cave is the one mentioned near 
Cape Point. It is 200 feet long and bifurcates at the back. Next 


AS 


follow & caves between 100 and 140 feet in length and a further 
5 in course of construction are estimated to be of the same order 
of magnitude. Nine emerged caves range from 60 to roo feet 
in length and some 5 recent caves are estimated of similar size. 
The majority of the rest vary from 30 to 40 feet, the undercut 
ledges being less. 

The maximum roof-heights of the caves average from 25 to a0 
feet, but several are higher—up to 40, so and even 60 feet. 'T wo 
caves of present make illustrate erosion of roof very graphically. 
The imprisoned air drills its way out along the roof through each 
advancing wave with explosive violence. In one case seemingly 
vaporised spray is shot out from within for a distance of 30 to 
40 yards and a period of 4 to 3 seconds. . The record for roof 
height, 60 feet, is held by a magnificent chapel-like structure, in 
`which, moreover, there are three cavelets arranged as galleries, 
the floors of which are 24 feet above sea-level and consist of a 
recent conglomerate band s feet thick. One other cave contains 
a similar conglomerate remnant cemented by hardened clay to the 
wall of its inner extremity. 'The probable mode of origin of the 
conglomerate is the same as that suggested for the similar pheno- 
menon in the Infanta cave, the only difference lying in the absence 
of a lime cement. 


Fall of roof is apparent in at least 7 cases, one of which is the 
emerged tunnel-cave o feet long, whose floor is littered with 
 fallen material. In another case a small transverse cave is hid- 
den behind a high ridge of talus, and in two others the entrance 
is blocked to a lesser extent. 'The remaining three cases are on 
a larger scale, and relate to a former prolongation of the existing 
caves. Near Steenbras Point a heap of talus lies at the head of 
a covelet, but storm waves find their way into the cave behind. 
Below Paul's Peak a cave 140 feet in length is continued to the 
open ocean as a de-roofed and talus-choked passage 180 feet long, 
whereas the sea now reaches the entrance through a more direct 
open passage 150 feet long. 'The ''chapel” cave is still more 
interesting; its former extension is now marked bv a jumble of 
fallen rock 20 feet high and about 200 feet in length. This talus 
heap lies between the high cliffs of the mainland and a solid 
straight projecting wall of rock 23 feet wide, through which a 
tunnel cave has been drilled, so that the water actually reaches 
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the entrance of the present cave once more. 'This may explain 
the renewed wave erosion responsible for the partial removal of 
the conglomerate. i 


A study of their floor-height and field relationship leads me to 
conclude that the caves furnish decided evidence of a total emerg- 
ence of almost exactly 20 feet in two distinct stages of about 7 
and 13 feet respectively. Of the is caves with floor-heights of 
20 to 23 feet at least two belong to, or have been modified during, 
the intermediate stage of emergence; the others all belong to 20- 
foot strandline. lt is chiefly during the intermediate resting 
stage that the 10 caves with maximum floor-heights of from 15 to 
19 feet have been excavated. More accurate evidence is furnished 
by a narrow ledge 14 feet high, along the side of one of the 
tunnel-caves, and especially by the undercut ledge or row of small 
Caves at 12 feet elevation and the double cave referred to. 


Light is thrown on the duration of the successive stands of 
sea-level at 20, 13 and o feet respectively by the size of the caves 
at these levels. From this it would appear that the halt at the 
20-foot level eguals that at present level, and that the inter- 
mediate level was of a slightly shorter duration. With regard 
to the latter halt it seems clear that several of the caves had been 
initiated during the 20-foot stand and since modified, so that the 
average size of these caves, which approximates that of the others, 
is no true criterion of lapse of time. 


The terraces of the Eerste River at Stellenbosch bear out the 
evidence of the caves to a remarkable degree. In addition to the 
oldest terrace at 48 feet above the river level, there are two others 
at lower levels (20). The first of these is 18 to 20 feet above the 
river bed. Its escarpment can be followed for 11 miles and its 
width is over half a mile. 'The lowest pair of terraces lie 6 feet 
below the former and 12 to 14 feet above the river bed. 'Their 
combined widih is about the same as that of the remaining por- 
tion of the terrace, but when we bear in mind that the cutting of 
the second terrace entailed the removal of almost 30 feet of 
alluvium over a total width of a mile, whereas the cutting of the 
lowest terraces reduired the removal of only 6 feet over a width 
of haif a mile, it becomes clear that the earlier halt was much the 
longer. 'The final emergence of 12 to 14 feet has taken place so 
recently that the river at this point, 15 miles up, is still confined 
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to a steep-sided valley and its bed has barely been graded in 
accordance. A certain amount of erosion of the lowest terrace 
has been prevented in the last century or two by the interference 
of the early inhabitants. 


We have, however, by no means exshausted the EES round 
False Bay. An irregular ledge occurs at Simonstown and again 
between Kalk Bay and Muizenberg. 'The following are the 
official altitudes in feet of the railwavy stations along this strip: 
Simonstown,.12.8; Fish Hoek, ro; Kalk Bay, 13-8; St. James, 
19; Muizenberg, 21.5, and Lakeside, 11. From the nature of the 
case the cliffs of friable dune rock along the northern shore yield 
no evidence, but the low coast between De Beers and Gordon's 
Bay musi have been extensively submerged. At the latter place 
retreat of the sea is proved by a number of concentric pebble 
beach ridges, the highest of which rests on a rock floor 10 feet 
above sea-level. A distinct little ledge occurs at the foot of the 
mountain in the corner of the bay. Its elevation is generally below 
but in one part over 20 feet on account of surface wash. Here 
a small projecting rock represents an emerged little stack, and 
behind the dunes two low rocky hillocks represent emerged islets. 
(From Gordon's Bay to Somerset Strand a rough and irregular 
bench has been cut between tide levels to a maximum width of 
half a mile.) 

We have referred above to an ill-planed emerged bench at 
the foot of the `'major”” terrace round about Cape Hangklip. 
South of Rooiels River its width is as much as soo vyards and its 
elevation generally below 23 feet. 'To the east of Hangklip this 
lower terrace is clean-cut but much narrower. At Davids Kraal 
it is 100 feet wide and 20 feet high. Near Palmiet River I saw 
for the first time a typical boulder beach surmounting the seaward 
edge of the terrace. 'The terrace remnants here are 30 yards wide 
and slope down from 20 to 13 feet, where the old beach ridges 
overlie them, to a height of 18 feet above sea-level. Behind the 
beach at Palmiet Rise the rock terrace is 19 feet above sea-level. 
Eastward a stepped terrace continues for almost a mile. As at 
Paul's Peak the lower benches consist of T.M.S. strata with a 
slight landward dip; the higher benches are thinly covered with 
soil, serub and marsh, the latter being due to the effective pre- 
vention of Grainage by tbe landward dipping T.M.S. strata. 'The 
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most persistent of these benches is about so yards wide and 22 to 
23 feet above sea-level, another well-defined but slightly smaller 
terrace lies at 18 feet. A terrace remnant at Kleinmond is also 
IS feet high. 


The bench at Onrust River near Hermanus is irregular, and 
slopes upward to merge into the “major” terrace. lts seaward 
edge is surmounted by a record-sized boulder beach 30 vards wide 
and having a crest height of 20 to 21 feet above sea-level. Behind 
it the terrace has a height of 16 feet over a width of so yards, after 
which it rises gradually. 'The crest of the boulder beach is 13 to 
14 feet above a miniature present-day storm beach, which consists 
chiefly of shelly sands. A mile to the west of Hermanus there 
is a neat little terrace 150 vards long, 23 vards wide, but 40 vards 
inland, and exactly 20 feet above sea-level. Nearer the fishery 
rock ledges at 12 to Is feet elevation from a fairly constant 
feature below the cliffed escarpment of the ''major'”' terrace. 'The 
ledges are cut in flat-bedded T.M.S. to a width of up to 30 yards. 
The sea-Aloor appears irregular and moderately deep, but shal- 
lower submarine ledges are often visible. At Hermanus Point 
the shelf is 22 feet high and links to the mainland a large rock, 
which may be counted as an emerged stack. lImmediately to the 
east of the fishery the ledges are lower—#rom 10 feet down to 
below sea-level—but a moderately small cave here has a floor- 
height of about 22 feet above sea-level. Near Mossel River nar- 
row ledges at about 20 feet are again in evidence. Between this 
and the Riviera there are three emerged inlets up to 200 yards in 
diameter and fringed by cliffs of the 'major'' terrace. 'The first 
slopes up to at least 25 feet, and at its seaward edge an old 
shelly beach deposit ro feet above sea-level is now being cut into 
by storm waves. 'The second ''inlet”' is now a marsh, whose 
drainage is partly blocked by sand dunes. The fringing cliff has 
been undermined so as to furnish a line of shallow caves, but these 
are only about 12 feet above sea-level, and may hence point to 
considerable activity during the halting stage of emergence. The 
third ''inlet”' would reguire an emergence of 20 feet. Near the 
bridge at Stanford there is a river terrace remnant 20 feet high. 

To the south of the Walker Bay beach there are a few sea- 
caves. The first of these is a double cave, ''Drosters Gat,” the 
two parts of which have maximum floor-heights of 18 and 25 
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feet respectively. 'The former is cut in T.M.S. and the latter in 
overlying dune rock with a T.M.S. floor. Beyond this there is 
one locality where the sharply-inclined T.M.S. has been cut to 
a perfect shelf 23 feet above sea-level. Only the edge of the 
shelf is seen, because it is overlain by a recent limestone band 
20" to 30 feet thick, which in turn is buried under dune rock and 
blown sand. Locally a bed of conglomerate 2 to 3 feet thick, with 
subangular pebbles and boulders intervenes between the T.M.S. 
and the limestone.  A low-roofed tunnel-cave has here been cut 
through the limestone on the 25-foot T.M.S. floor and the junction 
is undercut for an additional so yards. Nearby a younger cave 
has been cut in T.M.S. and the limestone nou forms a flat roof. 
The floor slopes up steeply to a height of 12 to 14 feet. A litte 
further on there is in the limestone a solution cave known as the 
Kellers. A strong spring issues at its head some 7o yards in. 
The limestone, here 12 to 1s feet thick, rests on s feet of con- 
glomerate, and this in turn on the T.M.S., in which a little 
valley had previously been cut. 'The limestone is still overlain 
by dune rock and sand. With regard to interpretation, 1 take it 
that the 23-foot level of the T.M.S. belongs to a seaward exten- 
sion of the '“major” terrace, on which locally the conglomerate 
and the more persistent limestone band were deposited, to be fol- 
lowed by the cementcd dunes. 'The two caves and the under- 
Cut ledge at 25 feet may well have been cut in the less resistant 
limestone when sea-level stood only 20 feet higher. 'The younger 
cave was probably started during the resting stage of the emerg- 
ence and since modified by storm waves, whereas the solution 
cave, because of its low outlet, either post-dates the emergence 
or was partially developed by sea-water when its outlet was still 
submerged. 'This may explain the origin of the large chamber 
inside. Ouite massive stalactites and stalagmites have already 
formed, and a few have united to form pillars. 


On both sides of the Danger Point peninsula, but especially 
on the south side, old pebble beaches 16 to 18 feet above sea-level 
occur at intervals. Opposite Seal Rock the older beach is verv 
distinct from the modern storm beach, whose crest is 6 feet Ee 
Behind the sandy beach on Uilenkraal there is a pebble beach 
ridge—possibly a recent storm beach—which proves either long- 
shore drifting or sea-floor erosion. Beyond Buffeljagt Bay the 


53 


old beach ridges are very common and as high as 22 to 26 feel, 
the present storm beach in the latter case being 10 to rr feet 
lower. A few unsatisfactory remnants of the “minor” terrace 
also exist. 

Decisive evidence is once more preserved at Brandfontein and 
L'Agulhas. At the former locality the “minor” terrace is typic- 
ally developed at intervals below the escarpment of the pronounced 
“major” terrace, and as usual its seaward edge is buried under 
the pebble beach ridges. At ene place the terrace is 300 vards 
long and 6o yards wide. lt ends laterally in a little bay, where 
three successive pebble ridges occur. 'The highest lies at 17 feet 
above sea-level, and this is also the mean elevation of the terrace; 
the second, 4 feet lower, lies on a second little terrace Is vards 
wide; the present storm beach is 6 feet lower still. (Plate V.B.) 
At another spot the terrace is somewhat narrower and 20 feet 
above sea-level. Near the Brandfontein spring it is 30 vards 
wide and 19 feet above sea-level. Below it there is a terrace 
10 yards wide and 13 feet above sea-level, and the present storm 
beach reaches this elevation. 


Where the beach begins a pebble ridge occurs similar to the one 
on Uilenkraal, but 3 miles further on there is a somewhat unigue 
wave-built double terrace about a mile and a half in length and 
built up entirely of pebbles. 'The higher beach is 20 to 22 feet 
above sea-level and 20 to 30 yards wide. Its surface slopes back 
gently as in the case of sandy beaches. 'The other is 4 feet lower 
and 15 to 20 vards wide. Against the seaward slope the pebbles 
have been washed during high water to as many as three separate 
temporary ridges, the most prominent of which is 10 feet below 
the crest. During storms a great variety of sponges, many large 
mother-of-pearl shells, echinoids, pumice and driftwood have 
been hurled on to the surface of this lower terrace. 


At the foot of the high escarpment of sandy limestone round 
L'Agulhas there is a low irregular wave-cut terrace 4 miles long 
and up to 300 yards wide. 'This terrace agrees well with an 
emergence of 20 feet. Retreat of the sea is evident round its edge 
from the fringes of pebble and boulder beach ridges. Usually at 
least two of these are distinct, but in one small locality 1 counted 
as many as nine in succession. . The height of the oldest ridge 
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varies from 18 to 21 feet above sea-level and averages 9 to ro feet 
above the present storm beach. 

Inland the Nieuwejaars River above the vlei has left a terrace 
on each side of its wide flood plain. 'The terrace to the southwest 
is remarkably flat over an estensive area, and exactly 20 feet above 
the level of the lood plain. On the opposite bank the terrace is 
evidently older. lt varies from 20 to 35 feet on its edge, shows 
a slight rise towards the hills and has suffered a certain amount 
of erosion by running water. Apparently these terraces are the 
contemporaries of the ''miror'” and ''major'”' marine terraces 
respectively. 

Between L'Agulhas and the T.M.S. cliffs round Infanta pos- 
sible evidence of emergence is furnished by typical pebble ridges 
6 to 10 feet high behind sandy beaches especially round Martha 
Point and opposite the Salt River Vlei. In the cross-bedded dune 
rock at Struis Point there is a small cave possibly of subaerial 
Sculpture at a height of 25 feet. Mention has already been made 
of the large `Waenhuiskrans”' and the archway at present level in 
this locality. In the line of cliffs in similar rock below Potberg 
there are also a few well-sized caves at present level, and in 
addition 2 or 3 at the 20-foot level. Owing, however, to the soft 
and friable nature of the rock, 1 hesitate to accept these as evidence 
of emergence. 

Near Infanta 1 have found relevant caves in the more reliable 
T.M.S. Immediately below the classic cave containing the beach 
deposit at 100 feet above sea-level there is a narrow one 140 feet 
long and having a maximum floor-height of 26 feet at the back. 
Its entrance is partly blocked by a breccia cemented by lime 
leached from the limestones at the top of the cliffs. Nearby there 
are two other smaller caves at the 20-foot level, the entrance of 
one being similarly choked by a cemented breccia. 

Beyond Infanta Bokkeveld beds have been cut to a narrow 
slightly emerged shelf in the estuaries of the Breede and Kaffer- 
kuil Rivers, and to the east of both rivers the dune rock has been 
Cut to low shelves similar to those at Struis Point, but the first 
definite evidence of an emergence of 20 feet is supplied by a 
marine terrace to the west of the Gouritz mouth and by the ter- 
races of that river. 'The irregular marine terrace much resembles 
the one at L'Agulhas. lt is a few miles long, from TO0 to 260 
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vards wide and of the right order of elevation. Pebble beach 
ridges from 12 to 20 feet above sea-level occur on its seaward edge, 
the highest being 6o yards away from high-water mark. Signi- 
ficantly, the T.M.S. has locally been cut between tide levels to a 
bench 00 yards wide. 'The terraces of the Gouritz are clean-cut 
and very well preserved. Near the sea there is a comparatively 
narrow flood plain 6 feet above the level of the water at the time 
of observation, and 20 feet above this food plain on the east bank 
lies a terrace half a miles wide and a few miles long. Higher up 
the terrace occurs on both sides of the river over a combined width 
of at least 4 miles. Vogelvlei is a deserted bed of the river silted 
up to such an extent that the water from the river rarely inundates 
it, and then only from its downstream outlet. This comparatively 
wide vlei cuts through the terrace for 3 miles, leaving an escarp- 
ment 18 feet high. A similar deserted stream bed is mapped on 
the opposite side of the wide terraced flats. 


In Fish Bay the dune rock has been cut to ledges between tide 
levels, but behind the beach remnants of ledges occur at heights 
of .8, 12 and 16 feet respectively. Near Pinnacle Point I found 
sin interesting eave du the high T.M .S. clifis. The eave is of 
moderate size, but has a high entrance on account of recent erosion 
of its floor by the strong surf. 'The floor in conseguence slopes 
at a high angle to an elevation of 25 feet at the back, and at this 
level a beach deposit consisting of a bed of mussels, a foot thick, 
has been cemented to its sides by hardened sandy clay. Nearer 
to Mossel Bay there is the well-known Tunnel Cave. 'This tunnel 
has been cut for a distance of about 130 vards through a spur 
along the strike of the highly inclined T.M.S. (ts Aoor proper 
runs up to a height of about 15 feet at its western extremity, and 
one gets the impression that the strong surf may even erode at 
this level during storms. ln addition, there is a shelving ledge, 
which slopes in accordance with the floor so as 10 remain roughly 
20 feet above it. Owing to the steep seaward dip the upper part 
of this ledge meets the roof. acutely at a height of about 40 feet, 
and beyond the present entrance of the cave this is continued as 
an undercut ledge. Because of the strong surf, the presence of a 
soft stratum and the probability that the vounger part of the cave 
may mark the site of the lower extension of the ledge or original 
floor, 1 think that this cave need prove no higher stand of sea- 


56 


level than that under discussion. Looking south from Cape St. 
Blaize about 10 small caves may be seen in the bluf a few hun- 
dred vards off. They are cut along the strike of the highly inclined 
T.M.S., and s0 per cent. of them show emergence of approxim- 
ately 20 feet. 

The little terrace rising to a height of 45 feet at the foot of 
Cape St. Blaize has been cited as evidence of the ``major emerg- 
ence.” 'This is not necessarily so, on account of the probability 
that it may have been built up to this level by rain-wash from the 
cliffs. Rock floor is seen round the edge to a height of only about 
rs feet. It is just possible that the terrace was cut in part during 
the higher stand and subseguently modified during the lower 
stand. 


At Klein Brak River Dr. Rogers has described and mapped a 
raised beach deposit 15 feet above the level of the flats, which 
represent the silted-up estuary (23). 'The raised beach is not 
limited to the section mapped, but occurs also on the south bank 
and especially along the road behind the dune bar forming the 
eastern boundary of the flats. Along this section its height is 
again 1s feet above the level of the flats and at least 20 feet above 
sea-level. 'The shell-lime deposit here is 8 to ro feet thick, and 
includes a shelly conglomerate a foot in thickness. A -similar 
litte terrace may be seen to the west of the road crossing the 
estuarine plain of the Hartenbosch stream nearer Mossel Bay. 


At Glentana, where the Mossel Bay beach begins to withdraw 
its protection, the lofty cliffs of gneiss contain innumerable caves 
ridiculously close together. 1 could examine the first 13 of these, 
because in their case a sandy beach now exists in front. Where 
this disappears, progress, or at any rate entrance to the caves, is 
prohibited. For a distance of about a mile, however, to Maal- 
gaten Point numerous caves can be seen, a small majority of 
which are in course of construction, while the others show emerg- 
ence of 1s feet or so at the entrance. Of the 1s caves 3 belong to 
the “major” strandline, whereas the rest show a lesser emergence. 
In most cases their floors are covered by semi-hardened sea sand, 
and almost invariably a little sand terrace remnant 6 feet above 
the sand floor existed at the back during the time of visit, In 
three separate cases the floor consists of pebbles, bat guano and 
kitchen midden deposits respectively. 'The caves range in length 
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from 40 to 270 feet, but the great majority lie between 110 and 180 
feet. 'The average roof-height at the lip is 30 feet, the maximum 
value being 80 feet. 'The average Aloor-height at the back is from 
20 to 26 feet (below the sand terrace); the floor of one rises to 30 
feet, rock floor being last seen at a height of 20 feet halfway in, 
and that of the big cave—a bat-guano mud—#to as feet. A tre- 
mendous rock-fa!l at the entrance of this cave has built up a talus 
heap 7o feet high, which all but entirely conceals the cave. 'The 
dimensions in feet of the front part of this cave are 120 by 7o by 
So for length, breadth and height respectively; at the back it ex- 
tends inward for another 150 feet as a dark passage, a veritable 
bat paradise. | consider that. these caves were cut when sea-level 
stood 20 feet higher relatively, but have since Suffered floor 
erosion by the strong. surf during emergence. Sand is now pro- 
bably washed in and again partly removed alternately during the 
more severe storms. Convincing evidence of the 20-foot strand- 
line is supplied by the preservation of a small rock shelf at that 
level behind which there is a distinct notch containing a row of 
small caves. 'There is no such ledge in front of the bigger caves. 


A narrow irregular terrace about 13 feet high occurs below the 
old sea-cliffs at the Wilderness and Langvlei, and the old flood- 
plain of the Goukama is as high above the river. Low flats also 
Surround the Knysna Lagoon, and since my visit I have heard 
indirectly from an old fisherman that a bed of shelly sands occurs 
below the lower part of the township. At the Heads and beyond, 
Caves are again numerous in the T.M.S. On the Western Head 
there are two caves with roof-heights of 40 and 45 feet and floor- 
heights of 20 and 33 feet respectively, but in the latter case a great 
accumulation of sand is responsible for the abnormal height. In 
addition there are two large archways with roof-heights of 40 and 
so feet respectively. 'The maximum height of rock floor of the 
inner arch is 18 to 20 feet, that of the other is slightly lower, but 
in the side wall there are two small passages about 40 feet abové 
sea-level. Round to the open sea there is, firstly, the large cave 
already referred to the “major emergence,”' and then follow a 
few small inaccessible coves each containing 2 or 3 caves. 'These 
belong to two distinct cycles—some being actively eroded, whilst 
the rest are emerged so that the surf barely reaches their entrance. 
In one of the former class a blow-hole has been drilled to a point 
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estimated at least rs feet above sea-level. By analogy the two 
small passages in the above-mentioned archways may have been 
drilled in a similar way. Of the 7 caves in the Eastern Head, 
1 belongs to the “major?” strandline, while 3 others—2 of which 
are in communication—have rock-floor heights up to 25 feet above 
sea-level. 'The two round the bluf allow the surf to reach the 
entrance, but i saw them only from the opposite Head. 'The last 
is a small one of present make. 


Further east, at Mew Stone Point, -a double archway occurs, 
with a maximum floor-height of 22 feet. 'This has been Cut in the 
large Mew Stone, which forms one of (he very rare examples of 
an emerged stack of the strandline under discussion. Beyond this 
! found s comparatively small caves with floor-heights ranging 
between 20 and 28 feet. 'These caves are situated at the foot of 
the high cliffs behind an emerged rough rocky bench, which 
makes progress possible. At Noetsie a small cave runs up to 18 
feet, and storm beach pebbles lie in its entrance. 'This cave may 
belong to a resting state in the emergence. About half a mile 
to the east a large rock, possibly the last example of an emerged 
stack, is connected to the mainland by an emerged wave-built 
terrace of the nature of a short but wide tombolo. Its western 
summit is 33 feet high, whereas the present storm beach on that 
side reaches 12 to 15 feet. lts eastern summit is only 2s feet and 
shows a tendency for a slight reverse in slope before the rise 
begins to the higher summit 30 vards of. In the distance an 
archway is visible seemingly higher than 20 feet. 'The caves at 
Cape Seal belong to the higher level, but since my visit I have 
heard of other caves nearer sea-level to the west of the peninsular 
cape. 

Pretty river terraces may be seen on both sides of the former 
Bitou-Keurbooms estuary. 'The main road from Knysna crosses 
over the southern Bitou terrace of which a triangular strip is left 
about a mile long and perhaps half a mile wide, where its base is 
cut off by the lagoon. 'The terrace is built up of rolled pebbles and 
boulders, and where measured its height was 23 feet above the 
broad estuarine plain, which is normally a or 4 feet above water- 
level. 'To the north of the Bitou only the higher terrace has been 
preserved, but at Reed's Hotel, east of the Keurbooms, there is 
a smallêr representative of the lower terrace. A similar terrace 
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may also be seen to the west of the Groot River lagoon; its height 
is again 23 feet above the level of the low flood plain, but its sur- 
face is evidently buried under blown sand. In the case of the 
Bitou terrace the excess of 3 feet may perhaps be accounted for 
by the torrential nature of both stream and deposit, or the control 
of estuarine tides, or even the former presence of an effective sand 
bar. 

In the gorge of the Storms River there are three emerged caves, 
two of which are very deep and have yielded much bat-guano. All 
three are of the right order of elevation—20 to 25 feet. 'Two other 
caves have been cut at present level, one of these being directly 
below one of the guano caves in the gorge. 'There is also an 
irregular rocky shelf of similar elevation at the foot of the coastal 
cliffs to the west of the Storms River mouth. Further east at 
Huisklip near 'Tsitsikama Point there is a very broken rock shelf 
about 20 feet above sea-level. 'The Huisklip itself is a natural 
tunnel of present make througb T.M.S. roofed over by dune rock. 
The T.M.S. had previously been planed before the dune sands 
accumulated. 'The planed surface is now 21 feet above sea-level 
and forms part of the above-mentioned ledge. 

The next locality visited was Jeffreys Bay. Here a raised 
beach deposit at least 100 yards in width can be traced behind the 
dune belt for 3 or 4 miles to the Kabeljauws River. 'The deposit 
is 2 to 3 feet thick, and consists of shells and comminuted shells, 
which harden or exposure. lt rests on Bokkeveld shales, flattened 
pebbles of which are common in tbe shelly sands. Because of 
the intervening dunes and the distance from the sea, my Abney 
readings averaging 28 feet are perhaps not too reliable, but still 
this height is not too excessive for a 20-foot emergence if com- 
pared with the present Kleinmond beach, which is 10 to 12 feet 
above sea-level. 


The lower terrace on the west bank of the Gamtoos forms a strip 
some two miles long by three-guarters of a mile wide opposite the 
road bridge. Lower down a smaller remnant is seen on the east 
bank. Where measured it was 22 feet above the level of the 
egually wide and often wider flood plain, which in turn was 4 or 
3 feet above water-level at the time. With regard to duration it 
appears that as with the Eerste River terraces, more work had to 
be accomplished to reduce the old 6s-foot flood plain to the 22- 
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foot level than the latter to present level, and hence the halt at 
22 feet must bave been longer than that at present level. 


Round about Cape Recife the T.M.S. has been cut to an exten- 
sive but rough and irregular ledge, which lies for the most part 
below the 20-foot contour. 'The ledge is continuous from near 
Skoenmakerskop to Port Elizabeth, where it is covered by a beach 
deposit. A cutting through the flat terrace remnant at Hume- 
wood shows that the T.M.S. has been roughly planed and sub- 
seguently buried under a beach deposit of sand, pebbles and 
shells up to a feet thick, and this in turn by hardened sands con- 
taining land shells and by a kitchen midden deposit (24). 'The 
surface of the beach deposit is 22 feet above sea-level. 'The raised 
beach is more wide-spread between the North End of Port Eliza- 
beth and the Zwartkops. Tn their Report on Parts of Uitenhage 
and Port Elizabeth Divisions (24) Rogers and Schwarz describe 
this deposit as occurring from near séa-level to 10 or 12 feet 
“high.” Such is the case directly behind the beach or dunes, 
but the deposits show a sligbt seaward inclination, especially up 
the New Brighton Spruit, where they extend inland for at least 
three-guarters of a mile and locally show a seaward dip of nearly 
three-guarters of a degree. At this point the deposit is up to 19 
feet above the stream bed, which is here well above sea-level. 
Accurate levelling is likely to prove that the New Brighton 
deposits have been laid down more or less continuously during 
retreat of the sea from the time of the *'major emergence.”' Since 
the above was written, 1 have seen Stow's paper on Elevation at 
Port Elizabeth, in which he describes a recent shell deposit raised 
Go to 70 feet above present sea-level (32). 


Between the New Brighton Spruit and the Zwartkops there is 
a terrace with gentle seaward 'nclination and built up of pebble 
beds containing marine shells. 'This is about 1zs feet above the 
flood plain of the New Brighton Spruit, where the road crosses. 
At the head of the Zwartkops estuarine plain one can follow the 
escarpment of a wide terrace or raised beach 10 to 12 feet above 
the level of the flood “plain. 'The altitude given for Zwartkops 
station—I7 feet—seems incredibly high, as it lies on the food 
plain, which is 4 or s feet above the water-level of the diminutive 
tidal estuary. At any rate the raised beach belongs to the 
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''minor'' strandline, and points to a halt at that strandline such as 
is not apparent in the New Brighton estuary. 


From now onward the evidence along the shore is scanty. On 
my recent motor trip, however, my eyes have been opened to the 
likely abundance of river terraces several miles upstream. In 
determining the amount of emergence from these terraces, flood 
conditions in tne eastern districts would need to be studied, as the 
flood plains are often themselves of the nature of terraces. 'This 
applies to the Sundays River, whose flood plain is 20 feet above 
the water's edge. Some miles north of the road | could, in addi- 
tion, discern a low terrace at the foot of the “major?” terrace. At 
Coega station a terrace 20 feet above the level cf the Coega flood 
plain may be seen to extend for a few hundred yards. 'Terraces 
referable to the 20-foot emergence may also be seen where the road 
from Port Elizabeth to Grahamstown crosses the Bushmans 
River. Along the coast the only apparent evidence of emergence 
is the presence of typical pebble beach ridges, some of which are 
older than the present storm beaches. 'The former are only 10 
to 12 feet above high water mark, and are sometimes partly buried 
under recent dunes. ln general, sandy beaches and low rocky 
ledges prevail at the foot of the hilly coastal escarpment. On 
reflection the flats of the Kowie at Port Alfred and the Keiskama 
may be taken as evidence, but at the time of visit they struck me 
as being normal estuarine flood plains. Along the coast near 
East London, however, there is a low grass-covered terrace of the 
right order of elevation. A small way up the second creek enter- 
ing the Buffalo River there is a tiny cave 20 feet above sea-level. 
Where the Transkei road crosses the Nahoon and, | think, the 
Gonubie Rivers near East London terraces referable to the 20-foot 
emergence may be seen. 


On my difficult journey down from Port Shepstone a number 
of impassable rivers compelled me to make wide detours, and 
finally to turn inland at Mazeppa Bay, so that I do not know the 
coast between this neighbourhood and East London, a distance 
of some 60 miles. From Mazeppa Point, however, | could see 
the coast as far as Sandy Point near the Great Kei, and along this 
strip a low terrace is discernible at the foot of the hills, such as is 
also found further to the north-east. At Mazeppa Point and 
nearer the Kogha River dolerite has been cut to rough ledges 
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usually about 15 feet above sea-level, but in places as much as 25 
feet. 'The litte island or peninsula at Mazeppa has been planed 
to slightly below 20 feet, but the ledge is mostly buried under 
sandy meadow. A very distinct little terrace over a mile in length 
and from 50 to roo yards wide is to be found between the Shixini 
and Kawka rivers. This is covered by thick grass, and its inward 
portion to a thickness of about 3 feet by rain wash from the hill- 
side. ln the little stream beds, rock floor is seen at 18 to 20 feet 
above sea-level. A storm beach sometimes lines part of the 
escarpment. 

Similar terraces, some more persistent, occur at intervals from 
here across the Bashee to the Xora River. Sometimes the terrace 
lies behind a dune belt and sometimes it ends in a little escarp- 
ment 10 to 1s feet high. As a rule its grass-covered surface is 
20 to. 25 feet above sea-level, but occasionally it slopes up to 40 
and even so feet before the steeper hillside slope begins. (Ouite 
possibly this 'is all due to surface creep and rain-wash as 
occasional streamlets show rock floor and about 20 feet. 

As at Mazeppa, occasional rocky ledges occur nearer the Bashee, 
e.g., at Amendu Point. Of these the dolerite ledges are mostly 
between 15 and 20 feet above sea-level, whereas the Karoo beds, 
G.g., at Kabolla, have been cut to tide level, leaving a little krantz 
15 feet high. Often overgrown beds of unconsolidated shelly 
sands 2 to 3 feet thick overlie the higher ledges 15 to 25 feet above 
sea-level. 

The next points visited were Hole in the Wall and Coffee Bay, 
near the Umtata River. 'The coast here is already precipitous, but 
at both localities a small stretch of the typical lower terrace is pre- 
served. At both localities, too, lower rocky ledges occur at the 
foot of the high precipices, where storm waves still make them- 
selves felt. At Coffee Bay the ledge is up to so vards wide and 
not often higher than 1o feet, although points project to 2% feet. 
Behind the ledge there is a cave vs feet in length, and two smaller 
ones, all within reach of the storm waves. 'The larger cave is of 
exceptional interest. Like the 'chapel” cave in False Bay it con- 
tains at the back a conglomerate bed, which forms the floor to a 
wider balcony cave 2% feet above sea-level. 'The conglomerate 
does not extend down to the present floor of loose boulders at rs 
feet, but begins 6 feet above it. The conditions are exactly the 
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same as at False Bay. 'The Hole in the Wall is a tunnel-cave of 
present make through a miniature Gibraltar. 


Round about Umnenu River I did not notice satisfactory 
evidence, but as at Coffee Bay an irregular ledge occurs at 
intervals at the foot of the high cliffs. 'This is well seen at 
various points between Umgazi Kiver and St. Johns. To the 
east of Umgazi mouth portions of the ledge are at least 20 feet 
above sea-level and up to 30 vards wide, and a cave with a pile 
of boulders in the entrance is reported out of reach of the waves. 
On account of an adverse tide 1 could not reach this cave. On 
the Umgazi beach a soft calcareous sandstone has been cut to 
ledges up to 12 feet above sea-level. 'The low muddy flats of 
the Umgazi and especially the Umgazana do not perhaps prove 
emergence, but at any rate represent large estuaries silted up to 
well above sea-level. Where the main road crosses the Umgazi 
the 20-foot terrace is present. 'The village of St. Johns stands 
on a little emerged plain; its height is mostly below 20 feet. 
Above the ferry a terrace belonging to the 20-foot emergence 
may be seen along the west bank of the Umzimvubu. Near 
Embotyi, again, a distinct terrace lies at the foot of the Water- 
fall Bluff, as also a very narrow bench, both pointing to an 
emergence of 20 feet. 


Between the Waterfall Bluff and the site of the Grosvenor 
wreck a terrace 30 vyards wide is typically present. lt is cut in 
T.M.S. at the foot of the ''major”' terrace and ranges from 20 
to 28 feet in height. Near the latter place the black ground in 
a footpath climbing the southern bank of the Lombazi stream 
contains some shells at a height of 25 to a0 feet, but this is pro- 
bably an old kitchen midden. As at Palmiet River, etc., rocky 
ledges also occur at lower levels, and north of the Umsikaba an 
exposed ledge is as high as 18 feet. From the Umtentu north- 
ward sandy beaches prevail, and between this river and the 
Umtamvuna 1 did not notice evidence of the emergence under 
discussion. At Middledrift, where the main road between 
Pondoland and Port Shepstone crosses the Umtamvuna, the 20- 
foot terrace is unmistakeably represented. South of the Um- 
penyati the exposed rocky ledges are again comparatively high, 
and at Margate there is a suggestion of a granite ledge, Is to 
IS feet above sea-level. 'To the north of the beach at Margate, 
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however, the reliable T.M.S. has preserved the typical litte 
terrace, which slopes down from 20 to rs feet, where it ends in 
a little escarpment. It estends to the Uvongo River at Mount 
Zion. (Co-extensive with the T.M.S. patch beyond this river, it 
is less distinctly separated from the higher boggy terrace. 

The rest of the Natal coast is often characterised by a low 
terrace between the hill-side and the bush-covered dunes. 'This 
terrace appears high, being on the average perhaps 30 to 40 feet, 
but it seems probable that we again have a case of surface wash 
and sometimes blown sand. Rocks are practically limited to 
the beach and occasional rocky points. More definite evidence 
is furnished by the several river terraces to be seen where the 
Durban- Port Shepstone main road crosses the numerous rivers 
some five miles inland. 'The typical 20-foot terrace was noticed 
in the cases of the Umzumbi, the Umlazi, the Umbilo at the. 
Durban Wireless station, and in addition in the cases of two or 
three other rivers of which I lost count. 'The extensive Durban 
Flats also prove emergence. 'The following are the official 
heights in feet of railway stations on the flats: South (Coast 
function 33, Umbilo 27, Congella io, Berea Road 15, Durban 
21, Greyville 23, Churchhill 18, Stamford Hill 29, Umgeni 24. 
On the flats at Congella a raised beach deposit has been exploited 


for shell-lime (25). 'This sheli-bed is reported to extend over 
the entire flats. 


(ii) Summary of the Evidence. 


A tabulation of the above evidence would reduire many 
gualifying remarks, and hence much repetition. 'The various 
phenomena described over the entire coast agree closely with an 
emergence of 20 feet, and no progressive increase or decrease 
in this amount is apparent in any direction. 

Taking firstly the wave-cut terraces we see that those of the 
west coast are of normal elevation, with the exception perhaps 
of those at Jacobs Baai, near Saldanha, which appear rather 
below the average. At Rooiels the terrace is larger but not 
necessarily higher than the average, because very imperfectly 
planed. Along the rest of the south coast the terrace, where 
found, is of the right order of elevation when studied in con- 
junction with field relations. In the Transkei, Pondoland and 
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Natal it is often abnormally high on account of surface wash, 
but barring this it is just possible that the emergence to be im- 
plied is, say, 2 or 3 feet above the normal. 

The wave-built terraces along the coast of southern Nama- 
gualand are sometimes rather low, 20 to 22 feet, but nearby dguite 
normal—24 to 26 feet. The one near L'Agulhas is also rather 
low, 20 to 22 feet, but again the wave-cut terraces on either side 
show normal emergence. 'The raised beach deposits of the Berg 
River and the Klein Brak and the seaward extensions of those at 
Geelbek, Saldanha and North End, Port Elizabeth, are also 
rather low, but here we have to do more likely with deposits on 
the floors of submerged estuaries and bays. 'Those at Jeffreys 
Bay, 28 feet, are not necessarily too high, and those at Saldanha 
and Port Elizabeth may belong partly to the higher stand of 
sea-level. 

Caves of the right order of elevation have been described at 
alse Bay, Hermanus, Infanta, near Mossel Bay, Glentana, 
Knysna, 'Tsitsikama, perhaps East London, Coffee Bay, and 
perhaps Umgazi. Some of these have undergone subseguent 
floor erosion so as to appear lower, especially at Glentana, but 
here an undercut ledge gives the correct strandline. 'The Tunnel 
(Cave near Mossel Bay is again comparatively high, but nearby 
the normal emergence is registered by the one at Pinnacle Point, 
those at Cape St. Blaize and at Glentana. 


The values for the river terraces show a slight variation. 'The 
second terrace of the Eerste River is about IS feet above the 
river, which is not vet completely graded. 'The terraces of the 
Nieuwejaars and (Gouritz Rivers are exactly 20 feet above the 
respective Hood plains, but those of the Bitou and Groot Rivers 
are 23 feet, and that of the Gamtoos 22 feet. Suggestions have 
been offered to explain the slightly excessive heights of the 
Bitou and (Groot terraces. A general explanation lies perhaps 
in the fact that a more lengthy halt at the former level may have 
enabled the rivers to build relatively higher flood plains. 'The 
terraces lately observed at Coega, near East London, near St. 
Johns, and along the Natal coast were not measured, but were 
estimated to show no departure from an elevation of 20 feet. 


On the whole, it seems safe to conclude that the evidence from 
the coast of the Union of South Africa most definitely points to 
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a negative shift of sea-level to the amount of 20 feet in Recent 
times. 'Taken in conjunction with similar evidence recorded and 
compiled by Daly and others from widely separated coasts, such 
a eustatic negative shift may now perhaps be regarded as act 
and no longer as hypothesis. 


(iv) The Restimg Stage in the Final Emergence. 


But I have described phenomena relating to the intermittent 
nature of the emergence. 'The most decided halt occurred after 
a preliminary emergence of from 6 to 8 feet. |T shall briefly 
sum up the evidence relating to this resting stage. 


Along the coast of Namagualand and Van Rhynsdorp, as 
far south as Klipvlei, two sets of wave-built terraces have been 
noted, one of which shows the normal emergence of 20 feet, 
whereas the other, which is smaller and less persistent, registers 
an emergence of from 12 to 14 feet. At Jacobs Baai, near Sal- 
danha, the double set of wave-cut terraces shows about the same 
interval. 'The two terraces to the east of Palmiet River and 
those at Brandfontein differ in elevation by only about 8 or 6 
feet. Further east | did not notice a similar reduplication of 
the terrace in any one locality, although near the Bashee local 
patches of shelly beds occur at 25 and 1s feet respectively. Pre- 
sumably some of the lower roughly-planed rocky benches repre- 
sent a partial reduction of the 20-foot bench during the resting 
stage. |T am thinking especially of the bench to the east of the 
Knysna Heads and the one at Coffee Bay. Shelves of bare 
T.M.S. strata at Doornbaai, Baboon Point, Pauls Peak, Her- 
manus and East Pondoland may, amongst others, also belong 
chiefly to this stage. 

Additional evidence has been furnished by the variable floor- 
heights of sea caves. From the caves and undercut ledges in 
False Bay 1 have deduced a halt after a preliminary emergence 
of, say, 7 feet. 'The row of caves referred to at the Riviera, as 
well as the marsh at the head of which they lie, definitely belong 
to the resting stage. 'The Glentana caves have suffered floor 
erosion subseguent to their formation, and the cavelet at Noetsie 
was cut after the incidence of the emergence; the one described 
at Coffee Bay is extremely suggestive of such a halt. 
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Evidence is also afforded by boulder and shelly beach ridges. 
Where more than one such ridge occurs the higher or highest is 
invariably the most prominent. At [L'Agulhas and Brandfon- 
tein the highest ridge is only about 10 feet above the present 
storm-beach, but at Onrust River the difference is 13 to rd feet. 
In general the highest ridge lies on the seaward edge of the 
terrace from Namagualand at intervals to the mouth of the 
Gouritz at least. Further east the ridges occur only behind sandy 
beaches and seldom, if ever, on the terraces. 


Finally, the Eerste River, at Stellenbosch, has left an extensive 
terrace at a height of 12 to 14 feet in addition to the one at T8 
te 20 feet. 


(V) Significance of Shells from Raised Beaches with Regard 
io the Cause of the World-wide Negative Shift of Sea-level. 


In discussing the cause of the world-wide negative shift of 
sea-level, Daly dismisses possibilities such as depression of the 
ocean floor in favour of a glacial-control origin. 'The ice-caps 
at the Poles are fed by snow originally abstracted from the sea 
by evaporation. A decrease in the volume of the ice would imply 
a corresponding gain by the oceans, and hence a positive shift 
of sea-level; the converse, a negative shift, would result from 
augmentation of the ice. Daly estimates that an extra thickness 
of 7o0 feet of ice over Antartica alone would cause a general 
lowering of sea-level to the desired extent of 20 feet. If we 
include Greenland in the calculation the figure is reduced to 
about 600 feet. “- This theory reguires a considerable refrigera- 
tion in recent times, most likely as a result of a slight world- 
wide lowering of temperature. Before this fall of temperature, 
i.e., during the existence of the 20-foot strandline, we should 
expect sea-water temperatures slightly in excess of those obtain- 
ing to-day. Daly (1) cites one case where such a warmer tem- 
perature has been deduced. Brogger, namely, refers the strand 
marks of the 4 to 8 metre emergence of the Christiania region 
to the late 'Tapes (Neolithic) period, i.e. between 1400 B.C. and 
2400 . B.C., and states that the climate there was then a*%C. 
warmer than now(27). 
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For us the test lies in the assemblage of shells from the raised 
beaches of this strandline, as they interpret the temperature 
conditions ruling at the time, and hence provide an appropriate 
thermometer. (See Appendix.) 'The appended list of shells 
brings to light some interesting facts with regard to distribution 
past and present. Ouantitatively the shells may be grouped as 
follows :— 


Lamellibranchia. Gasteropoda. 
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In addition Schwarz's list of shells from tbe raised beach 
and estuarine muds at Port Elizabeth and the Zwartkops con- 
tains 64 species, and from the Keurbooms River estuary TI 
species (28). 

Out of a total of 84 species in my collections only three from. 
Brak River are not known alive. 'They are 


Calliostoma mosselense n. sp. (29). 
(Cerithium rufonondulosum. 
Cerithium (Vertagus) kochi. 


The list from Port Elizabeth includes the latter two and ten 
others, of which Loripes clausus has been reported from Port 
Alfred (31), and a 'Tellina gueketti from Durban occurs in the 
S.A. Museum collection. Altogether, then, 11 species are not 
known alive to-day out of a total of 130 species. Probably the 
larger number from Port Elizabeth come from the older estuar- 
ine muds of the Zwartkops. 
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The following species from the raised beaches of the west 
coast occur also in the partly or wholly .contemporaneous south- 
coastal deposits :— F 


Lucina liratula (Crepidula hepatica 
Mactra glabrata Helsion pectinata 
Pectunculus gueketti Lotorium cutaceum var. 
Tapes corrugatus doliarum 

Tellina rosea Megatabennus scutellum 
Venus verrucosa Natica imperforata 
Bullia pura Patella compressa 
(Clionella rosaria Purpura sguamosa 
Cominella lagenaria Ranella argus 
Cominella porcata Turbo sarmaticus 
Conus tinianus Turritella carinifera 
Crepidula aculeata Turritella knysnaensis 


(Crepidula aspersa 


In addition to the above the following species are known only 
in the warmer waters of the Agulhas Bank and Natal:— 
Mactra glabrata, known from Agulhas Bank, Natal and 
Indian Ocean. 
Pectunculus gueketti, known from Natal. 
Scapharca cf. natalensis, known from Natal. 
Solen capensis, known from Agulhas Bank. 
Mitra aerumnosa, known from Agulhas Bank. 
Nassa desmoulioides, known from Agulhas Bank and Natal. 
Turritella knysnaensis, known from Agulhas Bank. 


The following extend from the “Cape” waters to Natal :—- 


Venus verrucosa. 

Lotorium cutaceum var. doliarum. 
Megatabennus scutellum (also off Australia). 
Purpura angulata. 

Purpura sguamosa (also in Indo-Pacific). 
Fasciolaria lugubris. 

Fissurella cf. incarnata. 

Crepidula aculeata. 

Crepiduia hepatica. 
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Summing up, we find that out of a total of 44 recognised 
species from the west-coastal deposits no less than 24 species 
are common to the deposits of the south coast, that seven species 
are now living only in the warmer waters of the Agulhas Bank 
and Natal, and that 10 other species are referred to “Cape,” 
Agulhas Bank and Natal. 'The limits of the “'Cape'' waters are 
not defined, so that it is just possible that the cold Atlantic 
waters may be included. From the above we may deduce the 
cxistence of considerably warmer conditions along the west 
coast during the formation of the raised beaches. 'The higher 
temperature is very suggestive of the wide-spread warmer climate 
postulated by the glacial-control theory. Since, however, the 
supposed former extension of the Mozambigue current through 
the “Cape Strait”' would egually well or perhaps better explain 
the above faunal correspondence, the latter by itself is not 
sufficient proof of the glacial-control theory. 


The evidence for a warmer temperature is, however, by no 
means exhausted; it is registered also by the south-coastal 
deposits. Schwarz lists five species from the deposits at Port 
Elizabeth, wbich are now known only in the warmer waters 
chiefly of Natal and also of Pondoland. 'To these five may be 
added two other of his species, namely, Loripes clausus and 
Tellina gueketti, the former being known at Port Alfred and 
the latter off Natal. His Ostrea cuculata from the Keurbooms 
estuary is also known only off Natal. Four species from Jeffreys 
Bay are now known only of Natal. They are :— 


Cytheria mamillae. 
Fissurella calvculata. 
Lotorium olearum. 
Natica gueketti. 


Three species from Klein Brak River are similarly known only 
in warmer waters. 'They are :— 


Loripes clausus, known off Port Alfred. 
Panopaca natalensis, known off Natal. 
'Triton australis, known off Natal. 
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Only one possible converse case can be pointed to. 'The form 
Nassa coccina from Jeffreys Bay is now reported only from 
“Cape” waters. 

In all, 13 species from the south coast are now known only in 
the warmer waters further to thé north-east. 'To explain this 
there is no other likely alternative to that of the existence of a 
warmer climate at the time of formation of the raised beaches. 
The glacial-control theory for the world-wide sinking of ocean- 
level therefore receives strong if not convincing support from the 
South African raised-beach deposits. 


(vy) The Age of the Strandlime. 


I have already guoted Brogger's conclusion that strandmarks 
of the 4 to 8 meter emergence of the Christiania region belong 
to the late 'Tapes period, which he places between 1400 B.C. 
and 2400 B.C. Daly also draws attention to the observation by 
W. B. Wright (30) that traces of Neolithic man have been found 
in the 25-feet beaches of the British Isles, and that the emergence 
of this beach in North Ireland seems to have been completed 
during Neolithic times. Evidence of the same nature is forth- 
coming from South Africa. 'The caves of the 6o-foot emergence 
have long sheltered an extinct Strandlooper race in Knysna and 
Tsitsikama. A few of the caves at the '20-foot level have 
similarly sheltered a race of Strandloopers. Such a cave is to 
be found three miles from Gordons Bay and another at Glentana. 
At Humewood, Port Elizabeth, a kitcher midden deposit over- 
lies the raised beach, and at Gordons Bay a “'Neolithic”' work- 
shop exists at the foot of the dunes about 10 feet above sea-level. 
On all three terraces of the l£erste River stone implements have 
been found. Now, in South Africa a complete succession of the 
various northern Stone Age cultures does not exist, and where 
the eguivalent of the northern cultures can be recognised, that 
does not vet point to contemporaneity, because of the lapse of 
time Teguired by the migration of the culture. . It has hence 
been found undesirable even to adopt the terms Palaeolithic and 
Neolithic; however, an Earlier Period and a Later Period are 
distinguished. Now the stone artefacts at Gordons Bay belong 
to the Later Period, and what is more, they are known to have 
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been used by the Bushman race. 'They do not therefore neces- 
sarily point to any considerable antiguity, and it is doubtiul 
whether any definite time limit will ever be fixed for them. 

The shells from the raised beaches are decidely Recent. Not- 
withstanding this a few species are now apparently exstinct and 
numbers have migrated for considerable distances to warmer 
waters. 'This would seem to reguire an appreciable lapse of 
time since the existence of the strandline. 


Vi CONGLUSION. 


It has been pointed out that intermittent emergence has 
affected South Africa since early 'Tertiary time. 'The chief 
resting stages are represented by extensive terraces at 4,000, 
2,500 and 1,000 to Boo feet respectively, and smaller ones roughly 
at 550 to 450 feet and 280 to 1s0 feet. 'The last three stages are 
covered in part by a veneer of marine Mio-Pliocene sediments. 
But the emergence continued to such an extent as to lay bare at 
least part of the Agulhas Bank, and possibly continued until the 
present 400 fathom isobath formed the coastline. 'This emerg- 
ence must fall between late Tertiary and late Pleistocene, because 
the drowned river estuaries are silted up with Pleistocene or 
Recent deposits. 


Finally, emergence has left strandmarks and river terraces at 
average elevations of $0 to 60 feet and 20 feet respectively. 
It appears that the .duration of the 20-foot strandline, which is 
evidently a world-wide phenomenon, was at least egual to the 
duration of the present sea-level and possibly somewhat longer. 
Even the final emergence was intermittent, so as to leave strand- 
marks, etc., 12 to 14 feet above sea-level. lt has been urged by 
Daly that the ultimate retreat of the sea is due to increased 
glaciation. lTHuminative evidence is supplied by the fact that 
several of the shells from the raised beach deposits of the 20-feet 
strandline are now found only in warmer waters. The age of 
the strandline may be vaguely deduced from. the fact that a few 
of the species of shells are now apparently extinct, from the con- 
siderable migration of species that has since taken place, and 
from the occurrence of stone implements of the “Later Period”' 
on a few terraces and in Caves. 
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In conclusion, Dalv's hypothesis of a world-wide negative 


shift of sea-level to the extent of 20 feet due to glaciation has now 
received strong support from coastal phenomena of South Africa. 
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EXPLANATION OF PIATES;, 


Plate T.A.—Struis Point, Bredasdorp. 'Typical wave erosion in 
dune rock. Note ledges cut near high tide and deep 
notch in cliff. 


B.—Window (Cave, East London, the result of wave 
erosion in dune rock. 


Plate I1.—View on the Uplands Plateau near Storms River, 
Tsitsikamma. Note the abrupt rise of Storms River 
Peak in the background. “Yellowwood trees are 
prominent. 


Plate 111.—Submerged gorge of the Storms River, 'Tsitsikama. 
The gorge is cut in hard Table Mountain Sandstone 
to a depth of 84 feet below sea-level. Overhead 
the cliffs rise vertically to 400 feet and continue as 
steep slopes to the level of the Plateau at 600 feet. 


Plate 1V.A.—Noetsie River, Knysna— a small submerged valley. 
B lhe  imnajos  terracë at. Hermanus cut im Tapie 
Mountain Sandstone. 'The cliffs average s0 feet in 

height. 


Plate V.A.—(Coast near Gordons Bay. Members of class @xcur- 
sion can be seen near entrance to emerged cave of 
the 20-foot strandline. 


B.—Coast at Brandfontein, Bredasdorp. ËEdge of the 
'inajor' terraoe below. tel Sout Anys. Bere. In 
the right foreground the ''minor'” terrace is seen 
fringed by two distinct beach ridges. 
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